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— The  United  States  Air  Force  School  of  Aerospace 
Medicine  (USkFSAM)  tests  the  quantitative  fit  of  masks  which 
are  worn  by  military  personnel  during  nuclear,  biological, 
and  chemical  warfare.  Subjects  are  placed  in  a  Dynatech- 
Frontier  Fit  Testing  Chamber,  salt  air  is  fed  into  the 
chamber,  and  samples  of  air  are  drawn  from  the  mask  and  the 
chamber.  The  ratio  of  salt  air  ou'.side  the  mask  to  salt  air 
inside  the  mask  is  called  the  quantitative  fit  factor.  A 
motion-time  study  was  conducted  to  evaluate  the  efficiency 
of  the  layout  and  work  method  presently  used  in  the 
laboratory.  A  link  analysis  was  done  to  determine  equipment 
priorities,  and  the  link  data  and  design  guidelines  were 
used  to  develop  three  proposed  laboratory  designs.  The 
proposals  were  evaluated  by  projecting  the  time  and  motion 
efficiency,  and  the  energy  expended  working  ir  each  design. 
Also  evaluated  were  the  lengths  of  the  equipment  links  for 
each  proposal,  and  each  proposal's  adherence  to  design 
guidelines.  A  mock-up  was  built  of  the  best  design 
proposal,  and  a  second  motion-time  study  was  run.~\  Results 
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from  the  two  motion-time  studies  were  compared?  and  showed 
that  the  new  laboratory  design  and  work  method  improved  time 
and  motion  efficiency,  and  reddced  energy  expenditure.  When 
implemented,  the  new  laboratory  design  and  work  method  are 
expected  to  save  more  than  $6,000.00  over  the  next  five 
'year s .  Worker  output  was  also  improved.^  Results  showed 
that  with  the  new  laboratory  and  work  procedures,  the 
USAFSAkt  analyst  could  test  116  more  subjects  per  year  than 
are  currently  tested.  Finally,  the  results  of  a 
questionnaire  given  to  the  analyst  indicated  that  user 


acceptance  of  the  work  area  improved  with  the  new  design. 
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are  worn  by  military  personnel  during  nuclear?  biological? 
and  chemical  warfare.  Subjects  are  placed  in  a  Dynatech- 
Frontier  Fit  Testing  Chamber ?  salt  air  is  fed  into  the 
chamber,  and  samples  of  air  are  drawn  from  the  mask  and  the 
chamber .  The  ratio  of  salt  air  outside  the  mask  to  salt  air 
inside  the  mask  is  called  the  quantitative  fit  factor.  A 
motion-time  study  was  conducted  to  evaluate  the  efficiency 
of  the  layout  and  work  method  presently  used  in  the 
laboratory.  A  link  analysis  was  done  to  determine  equipment 
priorities?  and  the  link  data  and  design  guidelines  were 
used  to  develop  three  proposed  laboratory  designs.  The 
proposals  were  evaluated  by  projecting  the  time  and  motion 
efficiency?  and  the  energy  expended  working  in  each  design. 
Also  evaluated  were  the  lengths  of  the  equ’nment  links  for 
each  proposal?  and  each  proposal's  adherence  to  design 
guidelines.  A  mock-up  was  built  of  the  best  design 


proposal?  and  a  second  motion-time  study  was  run.  Results 


from  the  two  motion-time  studies  were  compared?  and  showed 
that  the  new  laboratory  design  and  work  method  improved  time 
and  motion  efficiency?  and  reduced  energy  expenditure.  When 
implemented-  the  new  laboratory  design  and  work  method  are 
expected  to  save  more  than  $6*000.00  over  the  next  five 
years.  Worker  output  was  also  improved.  Results  showed 
that  with  the  new  laboratory  and  work  procedures?  the 
USAFSAM  analyst  could  test  116  more  subjects  per  year  than 
are  currently  tested.  Finally?  the  results  of  a 
questionnaire  given  to  the  analyst  indicated  that  user 
acceptance  of  the  work  area  improved  with  the  new  design. 


PREFACE 

Th. 1 s  thesis  involves  the  facilities  design  for  the 
Quantitative  Fit  Testing  Laboratory  at  the  United  States  Air 
Force  School  of  Aerospace  Medicine  at  Brooks  Air  Force  Base, 
San  Antonio,  Texas,  The  laboratory  is  used  to  test  the 
quantitative  fit  for  masks  worn  by  militarv  personnel  during 
nuclear,  biological,  and  chemical  warfare.  The  laboratory 
layout  and  work  procedures  were  evaluated,  and 
inef f i c ienc i es  were  found.  A  more  efficient  design  and  work 
method  was  developed  and  implemented.  It  was  hoped  tnat 
this  thesis  would  provide  a  design  and  work  method  which 
would  make  the  quantitative  fit  testing  process  more 
eff ic ient . 

Preliminary  research  began  in  March  1938,  data 
collection  started  in  July  1988,  the  thesis  went  to 
committee  on  2f5  October,  and  the  committee  met  and  gave 
final  approval  on  4  November  1988. 
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Chapter  1 

INTRODUCTION 

1  . 1  BACKGROUND 

As  world  tensions  continue  to  grow?  the  need  to  acquire 
and  develop  new  defense  technology  increases.  The  spectrum 
of  technology  already  available  is  broad,  ranging  from 
simple  hand  held  weapons  and  stealth  bombers  to  nuclear, 
biological,  and  chemical  (NBC)  contaminants. 

The  United  States  currently  conducts  research  which  is 
intended  to  help  our  military  personnel  during  an  NBC  war. 
Masks  worn  by  military  troops  are  tested  for  leakage  at  the 
United  States  Air  Force  School  of  Aerospace  Medicine 
(USAFSAM).  A  new  laboratory  was  designed  for  the  purpose  of 
testing  the  quantitative  fit  of  masks  used  in  NBC  warfare. 

1 . 2  PURPOSE 

The  objective  of  this  project  was  to  provide  USAFSAM 
with  a  work  method  and  laboratory  design  which  would  enable 
the  analyst  to  perform  laboratory  tasks  in  the  shortest 
possible  time  and  with  the  greatest  ease  and  sat l sf ac t ion . 
The  analyst’s  job  was  designed  so  that  it  resulted  in  the 
lowest  possible  enerqy  expenditure.  Through  an  extensive 
analysis,  which  included  interviews,  a  questionnaire, 
motion-time  (MT)  studies,  link  analysis,  energy  expenditure, 
and  design  guidelines,  an  improved  laboratory  facility  and 
work  method  were  developed. 
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1.3 


OVERVIEW  OF  1  HE  THESIS 


In  this  project,  the  analyst  in  the  Quantitative  Fit 
Testing  Laboratory  was  video  taped  as  he  setup  the 
laboratory  and  tested  a  subject  wearing  a  MBU-13P  mask.  The 
activities  performed  (motions)  by  the  analyst  were  noted  and 
defined.  Later,  each  of  the  defined  motions  were  timed  in 
order  to  determine  which  activities  consumed  most  of  the 
analyst’s  time.  Using  this  information,  the  analyst's 
activities  were  changed  to  reduce  the  setup  and  testing 
time.  This  involved  redesigning  the  laboratory.  Interviews 
were  conducted  and  a  questionnaire  was  administered  to 
determine  the  good  and  bad  points  of  the  current  and  the 
proposed  design.  A  link  analysis  was  performed  on  the 
analyst’s  movements  from  one  piece  of  equipment  to  another 
to  establish  the  frequency  with  which  the  components  were 
linked  and  the  importance  of  the  links.  Controls  on  the 
consoles,  and  the  computer  were  then  relocated  according  to 
their  priority  to  the  analyst  and  to  design  guidelines.  The 
amount  of  energy  spent  by  the  analyst  working  with  the  old 
and  the  new  designs  was  appr ox lmatert  using  available  data 
and  compared. 

In  Chapter  2,  the  Quantitative  Fit  Testing  Laboratory, 
the  procedures  used  in  the  laboratory,  and  the  current 
desiqn  problems  are  described.  Chapter  3  is  a  literature 
review  of  the  system  design  process,  motion-time  studies, 
link  analysis,  energy  expenditure  data,  and  design 
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guidelines.  Chapter  4  is  the  methodology  section  which 
includes  subjects,  apparatus,  and  evaluation  procedures  used 
in  the  motion-time  studies,  methods  analysis,  and  link 
analysis.  Also  described  are  the  procedures  used  to  compare 
energy  expenditure  data  and  the  design  guidelines,  as  well 
as  cost  reduction  and  questionnaire  procedures.  Chapter  5 
describes  three  laboratory  design  proposals.  Chapter  6  is  a 
description  and  comparison  c<*  the  results,  and  Chapter  7 
presents  a  summary  and  recommendations. 
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Chapter  2 


DESCRIPTION  OF  THE  QUANTITATIVE  FIT  TESTING  LABORATORY 

2.1  BACKGROUND 

The  Quantitative  Fit  Testing  Laboratory  at  the  USAFSAM 
(Brooks  Air  Force  Base*  Texas)  tests  for  leakage  in  the 
three  main  types  of  masks  worn  by  United  States  Air  Force 
personnel.  These  masks  are  the  M-17  series,  which  are 
ground  crew  masks  (being  phased  out)*  the  MBU-13P  (pilot’s 
mask),  and  the  MCU-2/P  which  is  the  new  ground  crew  mask* 
replacing  the  M-17  series.  Subjects  are  placed  in  a  testing 
booth  wearing  one  of  the  three  masks*  and  a  vaporized  salt 
solution  is  fed  into  the  booth.  Over  time,  samples  of  ait- 
are  drawn  from  the  mask  to  determine  the  amount  of 
contamination  (salt  solution)  that  has  leaked  into  the  mask. 
Results  are  then  compared  with  standard  data  and  generalized 
to  nuclear,  biological,  and  chemical  warfare. 

2.2  CURRENT  LABORATORY  LAYOUT 

Figure  2.1  depicts  the  current  laboratory  layout. 

During  set  up,  the  analyst  spends  most  of  his  time  at  the 
sink  making  saline  solution  or  at  the  consoles  calibrating 
instruments.  The  three  calibration,  or  air  flow, 
instruments  are  the  calibration  drying  air,  sample  carrier 
air*  and  the  atomizer  air.  Travel  between  the  sink  and  the 
two  consoles  is  frequent,  but  access  to  the  consoles  is 
unnecessarily  long  and  difficult  due  to  protruding  pipes, 
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electrical  wires,  arid  insufficient  walk  space.  For  safety 
reasons,  the  sink  cannot  be  located  with  the  consoles, 
however,  the  consoles  could  be  brought  closer  to  the  sink  to 
reduce  the  walking  distance.  The  consoles  are  shown  in 
Figure  2.2  and  2.3.  While  calibrating  the  instruments, 

1 ine-of-sight  to  the  integrator  boxes  is  necessary. 

Although  1 ine-of-sight  is  currently  not  a  problem,  the 
analyst  has  the  option  of  taking  readings  from  the 
integrator  boxes  (See  Figure  2.4)  from  six  feet  away  or 
walking  closer  to  get  a  better  view. 

During  testing,  the  focal  point  of  the  analyst’s 
activities  is  the  computer.  The  computer  equipment  is  shown 
in  Figure  2.5.  The  analyst  frequently  walks  between  the 
computer  and  the  consoles.  To  do  this,  he  must  place  the 
keyboard  on  top  of  the  computer  and  carry  the  intercom  as  he 
walks  to  the  booth  console.  Restricted  by  the  length  of  the 
intercom  cord,  the  analyst  must  then  put  the  intercom  back 
before  walking  to  the  mask  console.  After  inspecting  and 
adjusting  the  air  flows  to  the  mask,  the  analyst  returns  to 
the  computer  and  sits  down. 

The  literature  indicates  that  chairs  and  seating 
posture  are  presently  receiving  a  lot  of  attention  because 
of  worker  absences  due  to  neck  and  back  problems.  Nussbaum 
C 19853  stated  that  a  properly  designed  chair  can  add  as  many 
as  40  productive  minutes  per  day  for  most  office  workers, 
which  is  21  productive  days  per  year.  Problems  occur  most 


often  for  workers  in  sedentary  jobs  such  as  data  entry.  The 
chair  used  in  the  Quantitative  Fit  Testing  Laboratory  is 
similar  to  chairs  found  in  living  rooms  of  homes.  The  seat 
cushion  is  stuffed  as  are  the  arm  rests  and  back  support* 
making  it  a  very  comfortable  chair  to  sit  in.  The  chair’s 
utility  was  limited*  however,  because  it  could  not  be 
adjusted  to  different  heights.  In  fact,  the  analyst  had  to 
hold  his  head  back  at  an  angle  of  20  degrees  above 
horizontal,  in  order  to  see  the  computer  screen.  The 
analyst’s  comfort  was  a  concern  in  this  study*  as  were  time 
and  motion  efficiency  and  energy  expenditure. 

From  the  time  study,  setup  time,  testing  time,  and 
total  time  were  determined  for  the  fit  testing  process.  A 
functional  flow  diagram  (Appendix  A)  of  the  process  wai 
constructed  and  was  used  to  conduct  a  methods  analysis 
From  the  methods  analysis,  the  distance  traveled  by  the 
analyst  during  setup  and  testing  was  determined,  as  was  the 
amount  of  energy  spent.  The  present  study  sought  to 
determine  if  the  time  required,  the  distance  traveled,  and 
the  enerqy  expended  could  tie  reduced. 

2.3  3/STEM  PERFORMANCE  OBJECTIVES  AND  CONSTRAINTS 

Systf'in  per  f  r  i  r  mane  e  specifications  include  ensuring  the 
proper  mi  of  salt  and  air  which  enters  the  booth,  drawing 
samoler,  of  air  from  the  subiect’s  mask,  communicating  with 
the  subject  via  an  intercom  system,  and  providing  input  to 
the  computer  about  the  subiect  and  the  type  of  mask  used. 
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System  constraints  includes  the  floor  space  available  in  the 
new  laboratory.  An  area  20  feet  four  inches  by  26  feet  four 
inches  was  allocated  for  the  laboratory.  The  air  flow  line, 
which  ran  from  the  vertical  flame  to  the  pump,  and  then  to 
the  booth  had  to  he  as  short  as  possible.  This  constraint 
was  addressed  throughout  the  project.  Money  was  not 
available  to  purchase  new  equipment  because  the  project 
began  late  in  the  fiscal  year.  Water  faucets,  electrical 
power  sources,  and  air  connections  were  needed.  Water  is 
necessary  to  make  salt  water,  electrical  outlets  are  the 
source  of  power  for  the  system,  and  air  connections  are  used 
to  flush  the  tubes  which  carry  salt  air  to  the  booth  and 
from  the  mask.  Time  was  also  a  system  constraint.  Due  to 
the  amount  of  time  required  to  setup  and  test  in  the 
laboratrry,  the  number  of  subjects  who  could  be  tested  each 
day  was  restricted  to  eiqht. 

2.4  OVERVIEW  OF  THE  LABORATORY  DESIGN  PROBLEMS 

The  research  conducted  in  the  laboratory  is  vital  to 
the  Air  Force.  However,  the  apparatus  and  method*  used  were 
evaluated,  and  several  inefficiencies  and  hazards  were 
detected.  Some  of  these  problems  included!  1)  tubes 
carrying  the  salt  solution  hung  in  walkways  and  were  draped 
across  other  equipment,  creating  a  safety  hazard,  2)  the 
computer,  which  stores  data  from  the  mask  and  booth,  was 
located  on  a  laboratory  cart,  3)  the  computer  keyboard  sat 
on  top  of  the  computer  terminal  requiring  the  analyst  to 
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stand  or  place  the  keyboard  in  his  lap  every  time  he  made  an 
entry,  4)  some  of  the  motions  performed  by  the  analyst  were 
redundant,  5)  the  printer  for  the  computer  sat  on  the  middle 
shelf  of  the  laboratory  cart,  and  due  to  a  lack  of  feeding 
space,  computer  paoer  going  into  the  printer  interfered  with 
paper  being  fed  from  the  computer  and  caused  printer 
problems,  6)  due  to  the  location  of  the  printer,  retrieving 
printouts  was  inconvenient,  7)  many  of  the  calibration 
instruments,  the  vertical  flame,  the  air  compressor,  and 
electrical  cords  were  located  in  the  walkway  and  could 
easily  be  bumped  accidental ly ,  S>  the  analyst  spent  most  of 
his  time  between  laboratory  tests  walxing  from  one  piece  of 
equipment  to  another,  and  9>  the  control  consoles  for  the 
booth  and  mask  were  on  opposite  sides  of  the  laboratory 
which  meant  the  analyst  had  to  step  over  electrical  wires 
and  tubes  when  walking  between  the  two  consoles. 

2.5  PURPOSE  OF  THE  RESEARCH 

The  problems  described  above  resulted  in  a  less  of 
testing  time,  redundancies  in  work  methods,  and  unnecessary 
worker  fatigue  and  d i ssa t l sf ac t i on .  These  problems  occurred 
because  of  a  general  disregard  for  human  factors  engineering 
design.  The  Air  Force  Systems  Command  Design  Handbook 
C  1 7QO 1  lists  the  following  s  i  >s  objectives  of  human  factors 
engineermgi  improve  performance,  reduce  training  costs, 
improve  manpower  utilisation*  reduce  losses  of  time  and 
equipment,  increase  economy  in  production  and  maintenance. 


1  3 


and  improve  user  acceptance.  With  these  human  factors 
objectives  in  mind>  the  aim  of  this  project  was  to  redesign 
the  laboratory  in  such  a  way  that  the  process  of  setting  up 
and  testing  became  more  efficient  and  improved  user 
acceptance?  while  maintaining  the  accuracy  and  effectiveness 
of  the  testinq  program. 

There  are  a  number  of  methods  available  for  improving 
efficiency.  The  first  step  is  to  evaluate  the  worker’s  job 
performance;  first  through  work  measurement?  and  then 
through  work  methods.  Chase  and  Aquilano  C19853  listed  the 
following  ways  to  evaluate  job  performance  through  work 
measurements  film  analysis,  stopwatch  time  study,  elemental 
data,  and  work  sampling.  Because  the  activities  in  the 
laboratory  were  repetitive  and  had  relatively  short  time 
intervals,  a  stopwatch  time  study  and  film  analysis  were 
used.  The  techniques  for  studying  work  methods  include: 
flow  diagrams,  process  charts,  operations  charts,  simo 
charts,  application  of  the  principles  of  motion  economy, 
activity  charts,  wor ker-mach i ne  charts,  and  gang  process 
charts.  In  this  study,  flow  diagrams  and  the  principles  of 
motion  economy  were  applied  to  determine  and  correct, 
inefficiencies  in  the  analyst's  work  methods.  After  the 
analyst's  job  was  broken  down  into  individual  activities,  it 
was  possible  to  measure  the  amount  of  strain  induced  by  job- 
related  stress.  Two  ways  of  measuring  strain  are 
physiological  measures  and  psychological  measures. 
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Physiological  measures  are  snown  in  Table  2.1.  The 
electrical  measures  were  too  laborious  to  measure  all  day. 

Physical  Chemical  Electrical 

Blood  pressure  Urine  content  E 1 ec tr oencepha 1 ogr am 

Heart  rate  Oxygen  consumption  Electrocardiogram 

Sinus  arrhythmia  Oxygen  deficit  Electrom/ograph 

Pulse  volume  Oxygen  recovery  curve  Electoocu logram 

Pulse  deficit  Calories  Galvanic  Skin 

Respiratory  rate  Blood  content  response 

Body  temperature 

Table  2.1  Primary  measures  of  strain  as  induced  by  stress 
(Sanders  and  McCormick  C1987D). 

as  were  many  of  the  chemical  and  physical  measures?  so  for 
this  study*  energy  expenditure  (kcal/min)  was  used  as  a 
measure  of  stress.  The  literature  contains  charts  which 
listed  the  physio  1 og ica  1  costs  of  activities  similar  to 
those  activities  performed  m  the  laboratory. 

Psychological  measures  include:  work  rate*  errors, 
boredom,  absenteeism,  and  employee  turnover  (Sanders  and 
McCormick  [1987]  and  Muchinsky  C 19831).  Like  many  of  the 
physiological  measures,  the  measurement  of  work  rate  was 
laborious.  Boredom  was  not  an  appropriate  measure  for  the 
purposes  of  this  study,  and  absenteeism,  turnover ,  and 
errors  were  not  a  problem,  so  none  of  tne  psychological 
measures  were  used.  In  addition  to  MT  studies  and  energy 
expenditure  analysis,  ds' iqn  guidelines  were  followed  to 
ensure  that  the  work  console  was  optimally  designed. 

Three  alternative  designs  were  presented  in  this  study. 
The  one  design  which  was  expected  to  be  most  efficient  was 
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recommended,  and  a  functional  mock-up  of  that  design  was 


built.  Analyses,  using  the  mock-up,  included  measurement  of 
productivity  and  cost  savings.  One  result  of  efficient 
design  is  improved  productivity  (masks  tested  per  day)  from 
labor.  Any  productivity  increase  realized  through  better 
design  was  discussed.  A  second  result  of  efficient  design 
is  cost  savings.  Cost  has  become  especially  important  to 
the  Department  of  Defense  due  to  budget  constraints,  so  the 
amount  of  money  saved  by  implementing  the  new  layout  was 
also  determined. 

2.6  PROCEDURES  USED  WHEN  TESTING  A  MASK  FOR  LEAKAGE 

The  Quantitative  Fit  Testing  Laboratory  tests  the 
"quant’ tat ive  fit  factor"  for  masks  worn  by  a  variety  of 
L1SAF  personnel.  Quantitative  fit  factor  is  defined  as  a 
dimensionless  ratio  of  the  contamination  level  outside  the 
mask  to  contamination  levels  inside  the  mask  caused  by 
peripheral  seal  leakage  or  manufacturing  defect  sites  (Slate 
E19883).  Quantitative  fit  testing  is  done  by  civilian 
industries  using  dioctal  pyt.halate  (DOP)  instead  of  salt- 
air,  used  by  the  military.  Dioctal  pythalate  is 
carcinogenic  and  does  not  provide  the  sensitivity  that  salt 
provides.  Greater  sensitivity  in  quantitative  fit  testinq 
is  necessary  because  military  applications  include  NBC 
warfare . 

When  a  subject  arrives  to  be  tested,  he/she  is  briefed 
on  the  testing  procedures,  dons  a  mask,  and  enters  the 
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Dynatech-Frorttier  Fit  Testing  Chamber.  Salt  (NaCl)  air  is 
then  fed  into  the  booth  via  a  plastic  air  tube.  Samples  of 
air  are  continuously  drawn  from  the  subject’s  mask  by  a  data 
logger  and  are  input  into  a  computer .  As  samples  of  air  are 
being  drawn,  the  subject  is  instructed  to  perform  a  series 
of  exercises.  The  exercises  include  normal  breathing?  deep 
breathing,  movement  of  the  head  from  side-to-side ,  movement 
of  the  head  up  and  down,  reading  of  a  written  passage  which 
is  taped  to  the  inside  of  the  booth,  and  making  facial 
expressions.  These  exercises  are  designed  to  simulate  the 
stresses  that  a  mask  would  face  in  a  normal  environment 
(Slate  [19883).  Once  each  of  the  six  exercises  is 
completed,  the  procedure  is  repeated  with  the  second  and 
third  masks. 

The  process  of  testing  a  subject  is  directed  primarily 
by  the  computer.  The  analyst  plays  two  roles.  The  first  is 
to  respond  to  each  computer  prompt  by  issuing  a  verbal 
command  to  the  subject.  The  second  is  to  monitor  six 
calibration  instruments  (two  each  of  the  atomizer  air, 
calibration  drying  air,  and  sample  carrier  air)  in  order  to 
insure  a  proper  salt,  air  mix. 

Once  the  subject  enters  the  booth,  the  analyst  presses 
the  "enter"  key  on  the  keyboai d.  enters  data  specific  to  the 
subject  and  mask,  and  then  responds  to  the  prompts  which 
appear  on  the  visual  display  terminal  (VDT).  While  waiting 
for  each  prompt,  the  analyst  must  constantly  monitor  the 
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amount  and  concentration  of  salt  air  flowing  into  the  booth. 


This  involves  adjustir.a  the  control  for  the  sample  carrier 
air  which  dilutes  and  transports  salt  air  to  a  flame 
insuring  that  the  air  entering  the  booth  is  clean  and  dried. 
Adjustment  of  the  calibration  drying  air  may  also  be 
necessary.  The  calibration  drying  air  is  used  to  dry  the 
aqueous  solution  of  salt*  thus  leaving  salt  air.  A  third 
adjustment  involves  the  calibration  atomiser  air  which 
creates  an  aerosol  of  salt  and  water.  The  proper  salt  air 
mix  for  the  booth  is  maintained  by  controls  for  the  sample 
carrier  air,  calibration  drying  air,  and  atomizer  air.  The 
mask  has  its  own  set  of  controls  for  these  three  calibration 
instruments,  therefore,  the  analyst  has  a  total  of  six 
instruments  to  monitor  *n  addition  to  making  responses  to 
the  computer  prompt. 

At  30  second  intervals,  the  computer  prompts  the 
analyst  to  instruct  the  subject  to  perform  one  of  the  six 
exercises.  The  analyst  then  presses  the  intercom  button  and 
gives  one  of  the  following  instructions! 

BEGIN  NORMAL  BREATHING  . 

BEGIN  DEEP  BREATHING 

MOVE  YOUR  HEAD  FROM  SIDE-TO-SIDE 

MOVE  YOUR  HEAD  UP  AND  DOWN 

READ  THE  WRITTEN  PASSAGE  HANGING  ON  THE  WALL 
MAKE  FACIAL  EXPRESSIONS 


18 


After  an  individual  subject  has  been  tested  with  the 
three  masks*  another  subject  can  begin.  Following  testing 
of  a  group  of  subjects,  data  are  gathered  and  compared  to 
available  standard  data.  The  results  are  then  generalized 
to  NBC  warfare. 

With  a  clear  understanding  of  what  the  Quantitative  Fit, 
Testing  Laboratory  does  and  an  understanding  of  some  of  the 
general  design  problems  that  e>:ist  in  the  laboratory*  trie 
pertinent  literature  will  now  be  reviewed. 
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Chapter  3 


LITERATURE  REVIEW 


3.1  SYSTEM  DESIGN 

A  system  is  the  combination  of  hardware,  information, 
and  people  necessary  to  accomplish  some  specified  mission 
(Dieter  1 19833?  Bailey  C 19823?  and  Sanders  and  McCormick 
C 19873).  The  human-machine  system  being  designed  in  this 
project  is  classified  as  a  closed-loop,  mechanical  system. 
Sanders  and  McCormick  C 19873  define  a  mechanical  system  as 
one  in  which  the  machine  typically  provides  the  power,  and 
the  human  operator  provides  the  control.  A  closed-loop 
system  is  continuous,  meaning  that  the  system  requires 
continuous  control  and  continuous  feedback  in  order  to 
function  prorierly.  The  basic  functions  performed  by  a  human 
in  a  human-machine  system  are  shown  in  Figure  3.1. 

3.2  SYSTEM  DEVELOPMENT 

Dieter  C 19833  lists  six  steps  which  comprise  the  design 
process.  These  steps  ares 

1.  Recognition  of  a  need 

2.  Definition  of  a  problem 

3.  Gathering  of  information 

4.  Conceptual i ration 

5.  Evaluation 

6.  Communication  of  the  design 

Most  system  designers  have  a  list  of  steps  which  they  use  as 
a  guide  to  proceed  through  the  design  process.  In  Figure 
3.2,  Blanchard  and  Fabrycky  C 1981 3  describe  the  process 
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Figure  3.1  Basic  Functions  Performed  by  Human 
and  Machine  Systems 
(Sanders  and  McCormick  C 19873) 
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involved  in  systems  design.  This  diagram  provides  a 
specific  breakdown  of  the  stages  described  bv  many  system 
designers.  Bailey  C19QS3  defined  system  development  stages 
which  included  those  steps  previously  listed,  and  also  broke 
each  stage  down  to  a  more  specific  definition.  This  list  is 
appropriate  for  use  in  designing  the  Quantitative  Fit 
Testing  Laboratory.  The  stages  include: 


1.  Determine  objectives  and  performance  specifications 
A Determine  user  needs 

b.  Determine  user  char ac ter i st i cs 

C.  Determine  organizational  char ac ter i st 1 cs 

D.  Determine  work:  flow 

E.  Determine  human  performance  measurement 
procedures  and  parameters 

2.  Define  the  system 

A.  Determine  functional  requirements 

B.  Determine  performance  requirements 

3.  Basic  design 

A.  Allocate  functions 

B.  Design  work  procedures 

C.  Design  performance  feedback  mechanisms 

A.  Interface  design 

A.  Design  interfaces 

B.  Design  work  areas 

5.  Facilitator  design 

A.  Develop  staff i nq  requirement 

B.  Design  and  develop  instructions 

C.  Design  and  develop  performance  aids 

D.  Design  and  develop  training 

6.  Evaluation  staqe 

A.  Develop  testing  spec  1 f i cat  ions 
Fi .  Oviduct  test,  sessions 

C.  Perform  system  evaluations 


One  motion-time  ( klT )  study  was  conducted  which 
indicated  the  time  and  motions  needed  to  perform  each  task 
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in  the  present  laboratory.  Three  laboratory  design 
proposals  were  then  evaluated*  and  a  mock-up  of  the  best 
proposal  was  built.  A  second  MT  study  was  conducted  using 
the  mock-up,  and  the  results  of  the  two  studies  were 
compared . 

3.4  MOTION-TIME  STUDIES 

Two  of  the  pioneers  of  work  measurement  were  Frederick 
Taylor  and  Frank  Gilbreth  (Lesperance  C19533).  Taylor 
originated  the  time  study  for  the  purpose  of  determining 
t  me  standards,  while  Gilbreth  and  his  wife  developed  the 
motion  study  to  improve  work  methods  (Barnes  [19683  and 
McCormick  and  Ilgen  C 19853).  The  Gilbreths  developed  the  17 
basic  motion  patterns,  shown  in  Figure  3.3,  which  were  used 
to  describe  the  motion  patterns  of  almost  any  job 
(Christensen  [19813;  Niebel  C 19763  and  Barnes  [19683). 

Barnes  [19683  stated  that  in  the  1930s  work  studies 
sought  to  find  better  and  simpler  methods  of  doing  work. 
Shortly  after  this,  time  studies  and  motion  studies  were 
combined.  Goals  for  motion-time  studies  ranged  from 
determining  wage  increases  based  on  output  tc  the  design  of 
work  systems  (Fein  [19793  and  Barnes  [19683). 

Around  World  War  II  an  incentive  plan,  called  the 
measured  day  work  (MDW),  was  developed  to  improve  worker  and 
plant  productivity  (Fein  C19793).  Since  that  time 
productivity  has  become  *  major  issue.  According  to  Niebel 
[19763,  the  production  section  of  an  industry  could  be 
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Figure  3.3  Fundamental  Hand  Motion* 
Symbol*  and  Color*  Developed 
(Barn**  C 19683) 


and  Their  Standard 
by  Giibreth 
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called  the  heart  of  the  Industry.  He  also  stated  that  if 
the  production  department  is  considered  the  heart  of  the 
industry,  then  the  methods,  time  study,  and  wage  payment 
activity  is  the  heart  of  the  production  group.  Motion  and 
time  studies  continue  to  be  oopular  in  industry  today,  and 
even  though  they  have  been  used  as  work  measurement 
instruments  across  many  industries  with  differing 
objectives,  they  continue  to  yield  useful  results. 

Wright  C19823  a  senior  consulting  officer  for  a  Seattle 
area  bank  used  MT  studies  to  reduce  the  time  needed  to 
produce  and  transmit  typed  materials.  MT  studies  were  used 
first  to  determine  the  setup  and  completion  time  for  a  work 
order.  Then,  operator  time  for  keystroke  inputs  and 
proofreading  were  determined  using  stop  watches.  From  the 
MT  data  gathered,  a  production  rate  table  was  established 
which  enabled  bank  supervisors  to  forecast  work  load  and 
establish  reliable  turn  around  times.  Wright  C 19823 
predicted  that  if  properly  organi?ed,  word  processing  could 
improve  typing  production  by,  at  least*  50  per  cent. 

A  study  conducted  by  Green  and  Lynam  C 19583  sought  to 
determine  the  extent  to  which  work  simp  1 1 f i cat i on 
techniques,  primarily  the  principles  of  motion  economy, 
could  he  applied  to  the  practice  of  dentistry.  It  was 
stated  that  adherence  to  these  principles  reduced  waste  and 
effort  and  contributed  to  more  effective  methods  and 
procedures  which  benefited  both  the  patient  and  the  dentist. 
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Dental  office  activities  were  divided  into  specific  jobs 
such  as  oral  examination,  radiology,  surgery,  and 
consultation.  Each  30b  was  filmed  and  performance  times 
were  recorded.  Mundel  E 19581  performed  a  study  with  similar 
procedures  and  objectives  which  yielded  similar  results.  In 
both  cases,  ijt  drrv  c.-eas  were  redes  lqned . 

Figure  3.4  illustrates  the  design  changes  as  a  result  of 
Mundel 's  study.  The  revisions  provided  the  following 
advantages:  1)  less  travel  around  the  room  by  the  dentist 

and  assistant,  2)  more  time  for  dentistry  during  operatory 
periods,  3)  more  space  for  actual  work,  and  4>  less  worker 
fatique  due  to  twisting,  turning,  and  reaching  (Green  and 
Lynam  C 19583  and  Mundel  119591).  The  objectives  of  the 
present  study  paralleled  the  objectives  in  both  studies 
mentioned  above. 

Anderson  C 19601  stated  that  in  any  occupation,  a 

motion-time  study  can  help  find  a  preferable  procedure  for 

doing  the  work.  Usually  there  are  numerous  ways  to  perform 

a  task  (motion),  and  through  further  study,  an  improved 

method  can  be  determined.  In  another  study  of  dental  office 

desiqn.  Anderson  [I960!  defined  the  five  classes  of  motions 

listed  below  which  were  performed  by  dentists: 

Class  I:  fingers  only 

Class  II:  fingers  and  wrist 

Class  Ills  fingers,  wrist,  and  forearm 
C lass  IV*  full  arm 

Class  V:  qr  oss  body  motion  (turmnq,  twistinq, 
and  rsachuiq  ) 

If  the  number  and  extent  of  Class  IV  and  V  motions  are 
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Flgur*  3.4  Original  DtnUl  Operatory  Layout 
and  Iaprovad  Layout 
(Mundal  C 19583 ) 
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decreased,  then  the  overall  activity  xs  simplified  and  more 
efficient.  One  way  to  reduce  the  number  of  Class  IV  and  V 
motions  is  to  locate  the  primary  instruments  and  controls  in 
the  normal  work  area.  Figure  3.5  depicts  the  maximum  and 
norma]  work  area  as  defined  by  Sanders  and  McCormick  C  19871. 
Placement  of  instruments  outside  of  these  areas  resulted  in 
gross  bodily  movements  such  as  twisting  and  turning  of  the 
torso  or  reaching.  For  more  efficient  work  patterns,  these 
motions  should  be  avoided. 

A  study  done  by  Green  and  9;  own  C 19633  was  concerned 
with  eliminating  tension  and  fatigue  in  dentists.  A  motion 
study  was  conducted,  and  motions  ranging  from  Class  I  to 
Class  V  were  observed.  Recommendations  included  rearranging 
equipment  and  work  positions  to  eliminate  full  arm  motions, 
reaching,  trunk  twisting  and  other  class  IV  and  V  motions, 
as  well  as,  becominq  more  physically  active  during  work 
hours . 

Khalil  and  Truscheit  [19723  desiqned  a  study  to 
evaluate  and  measure  the  effectiveness  of  dental  operatory 
delivery  systems.  A  dental  operatory  delivery  system  is 
made  up  of  a  therapy  team  and  Dhysical  hardware.  In  an 
operatory  env i r onment ,  the  hardware  and  therapy  team  form  a 
highly  integrated  human -mach i ne  system.  A  MT  study  was 
initiated  to  compare  the  amount,  of  time  and  work  expended  in 
identical  operations  while  usinq  different  delivery 
conf i gur at  ions .  Results  indicated  that  motion-time  was 
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Normal  orto  propose* 


Figure  3.S  Naxiaua  end  Noraal  Work  Area 
(Sanders  and  McCoraick  C 19071) 
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quite  different  among  the  various  systems  even  though  the 
operations  performed  were  essentially  the  same. 

Potential  productivity  improvements  and  recommended 
manning  needs  for  a  book  binding  production  line  were  needed 
within  six  weeks.  Lanier  C  197-4  3  used  a  MT  studv  to  meet 
these  two  objectives.  The  activities  of  employees  and 
machines  were  timed,  and  detailed  explanations  of  employee 
activities  during  machine  delays  were  provided.  Results 
included  pinpointing  operation  bottlenecks,  a  15  per  cent 
crew  reduction,  and  better  production  line  balancing. 

The  Coffee  County  Red  Cross  of  Tennessee  had  a  study 
done  which  was  designed  to  improve  bloodmobile  operations 
(Luttrell  and  Wyatt.  C 19693).  One  objective  of  a  bloodmobile 
is  to  maximize  the  number  of  blood  donations.  Because 
bloodmobile  operations  are  typically  performed  by 
volunteers,  they  are  not  always  handled  efficiently. 

Luttrell  and  Wyatt  C 19693  ran  a  preliminary  study  and  at  the 
end  recommended  that  a  more  thorough  analysis  be  conducted. 
They  first,  observed  the  layout,  of  the  bloodmobile  operation. 
Then,  times  for  each  phase  were  determined.  Queuing 
buildups  in  the  operation  were  nested,  and  finally,  proposed 
improvements  in  layout  and  utilization  of  nurses  were 
provided.  The  time  spent  bv  each  donor  at  each  of  the  lO 
stations  was  recorded,  and  times  for  each  station  were 
averaged  to  represent  standard  times.  Queue  buildups  were 
noted  prior  to  operations  A  and  B.  Buildup  occurred  at 
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operation  A  because  donors  did  not  adhere  to  the  established 
arrival  schedule.  The  queue  buildup  at  operation  B  was 
attributed  to  the  longer  unit  time  needed  to  process  a  donor 
at.  operation  B  than  operation  A.  The  time  needed  at 
operation  B  is  two  and  one-half  times  longer  than  the  time 
needed  for  operation  A.  Luttrel 1  and  Wyatt  C 19693  also 
concluded  that  by  adding  three  nurses  at  operation  Et»  the 
unit  time  would  be  decreased,  thus  eliminating  queue 
buildup.  To  reduce  the  amount  of  time  required  to  perform 
any  operation,  equipment  must  be  optimally  located. 
Optimality  can  be  achieved  through  the  application  of  link 
analysis. 

3.5  LINK  ANALYSIS 

Cull  inane  [19771  called  link  analysis  a  systematic 
technique  for  studying  and  planning  human-machine  systems. 
Link  analysis  focuses  on  four  criteria!  instrument 
importance,  deqree  of  relative  use,  similarity  of  function, 
and  sequence  of  use  (Sanders  and  McCormick  C 19871  and  Sule 
[19381).  Morgan  et  al .  C 19631  define  a  link  as  "any 
connection  between  a  man  and  a  machine  or  between  one  man 
and  another"  <p.  322). 

Lippert  [19711  studied  the  travel  patterns  of  nurses  in 
a  hospital.  The  link  chart  shown  in  Table  3.1  was 
constructed  to  show  the  travel  patterns.  The  values  P-1 
through  P-12  are  patient  bed  numbers.  From  the  values  shown 
in  the  link  chart,  the  mean  nur  se-t.o-pat  ient,  distance  and 
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the  mean  patient-bedside-to-patient-bedside  distance  were 


Location 

Location  P-1 

P-2  P-3 

P-4 

P-5 

p-6 

P-7 

P-8 

P-9 

P-10 

p-i  i 

P-12 

Nurse 

Station  51 

35  33 

33 

35 

51 

58 

58 

51 

35 

35 

51 

P-1 

56  65 

81 

86 

102 

109 

109 

102 

86 

56 

40 

P-2 

49 

65 

70 

86 

93 

93 

86 

70 

40 

56 

P-3 

60 

fad 

79 

86 

86 

79 

63 

49 

65 

P-4 

49 

65 

72 

72 

65 

49 

65 

81 

P-5 

56 

63 

63 

56 

40 

70 

86 

P-6 

47 

47 

40 

56 

86 

108 

P-7 

40 

47 

63 

93 

109 

p-a 

47 

63 

93 

109 

P-9 

56 

86 

102 

P-10 

70 
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P-1  1 

56 

Table  3. 1 

A  link 

char  t 

showing 

travel 

d i stances 

( feet  ) 

between  rooms  at  the  Rochester  Methodist  Hospital 

(Lippert  C 1971 3  > 


computed.  Lippert  C 19711  used  these  values  to  compare  a 
variety  of  layouts. 

Moore  C 1971 3  developed  a  computerized  layout  heuristic, 
CORELAP,  which  employed  link  data.  A  relationship  chart  was 
established  by  manually  collecting  link  information,  and 
these  data  were  entered  into  the  computer  along  with  system 
parameters  and  constraints.  The  computer  output  included 
problem  identification,  total  floor  area  required,  an 
ordered  table  of  closeness  ratings,  scores  on  every  layout, 
and  a  final  layout  (Moore  Cl  971 3). 

A  unique  application  involving  link  analysis  was  made 
by  Harper  and  Harris  C 19733,  who  constructed  links  of 
relationships  among  organized  crime  figures.  Twenty-nine 
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police  intelligence  teams  observed  subjects  for  three  hours 
each.  A  link  diagram  was  constructed  which  summarized  the 
observed  links.  From  this  data,  the  organization’s 
structure,  and  the  leading  figure  were  identified.  As  of 
1975.  law  enforcement  intelligence  officers  from  10  states 
and  Canada  were  using  link  analysis  techniques  with  positive 
resu 1 ts . 

Link  analysis  is  a  method  used  to  determine  the  number 
and  importance  of  links  between  equipment.  After 
determining  the  link  values  for  two  pieces  of  equipment,  one 
must  decide  where  the  equipment  will  be  located  in  order  to 
minimize  motions. 

3.6  PRINCIPLES  OF  MOTION  ECONOMY 

The  principles  of  motion  economy  may  be  applied  to 
three  major  areas:  1)  use  of  the  human  body,  2)  arrangement 
of  the  work  place,  and  3)  design  of  tools  and  equipment. 
Accordinq  to  Barnes  C 19681,  the  principles  of  motion  economy 
are  not  appropriate  for  every  operation,  but  thev  do  form  a 
basis  for  improvinq  the  efficiency  and  reducing  fatigue  in 
manual  work.  The  principles  are  shown  in  Table  3.2.  If 
motion  economy  is  achieved  through  a  new  design,  then  it  is 
loaical  that  energy  expenditure  should  also  be  reduced. 

3.7  ENERGY  EXPENDITURE 

Barnes  C1968]  staked  that  the  objective  when  employing 
energy  expenditure  techniques  is  to  design  work  methods  so 
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that  the  operator  can  perform  tne  task  eight  hours  per  day, 
five  days  per  week»  without  undue  fatigue.  To  measure 
energy  expenditure,  Edholm  C 19673  recommended  making  a 
motion-time  study  in  which  the  activities  performed 
throughout  the  day,  and  their  duration,  were  recorded. 

Brouha  C 19603  stated  that  total  energy  expenditure  depended 
on  two  factors:  First,  the  energy  required  to  produce  the 
physical  work,  and  second,  the  energy  spent  to  maintain  the 
body  function  within  a  normal  physioloqical  state.  The 
first  is  considered  whenever  an  individual  shifts  from 
restinq  position  to  any  situation  where  external  work  is 
produced.  The  second  is  present  at  rest  as  well  as  at  work. 

Passmore  and  Durnin  C 19553  described  several  of  the 
variables  which  influence  the  amount  of  energy  expended  for 
various  tasks.  Some  of  the  factors  include:  walking  on  an 
incline,  walking  surfaces,  weight,  physical  condition,  sex, 
climate,  and  sire  of  load  beinq  carried. 

One  way  to  achieve  motion  economy,  and  thus  reduce 
enerqy  expenditure  is  by  usinq  design  guidelines.  If 
applied,  desiqn  guidelines  ensure  that  controls  are  easy  to 
use  and  the  work  environment  is  comfortable  for  the  human 
operator . 

3.8  DESIGN  GUIDELINES 

Most  of  the  design  guidelines  ipplied  in  this  study 
were  drawn  from  tables,  charts,  or  figures  found  in  human 
factors  or  equipment  desiqn  handbooks.  There  exists  a 
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wealth  of  literature  on  systems  or  equipment  design.  Some 
of  the  more  notable  literature  is  provided  by  Morgan  et.  al. 
[ 19633.  Woodson  and  Conover  C  19703 ,  Van  Cott  and  Kink  ace 
C 1 97? 3  ,  Roebuck:  et.  al.  [1°753,  Sanders  and  McCormick 
[  1997],  arid  the  Uni  ted  States  Air  Force.  The  guide!  1  .  ai 
provided  hv  these  authors  and  others  are  described  in 
Chapter  4. 

The  application  of  these  guidelines  will  result  in  a 
workstation  that  is  designed  with  the  human  operator  in 
mind.  It  was  predicted  that  by  implementing  the  recommended 
procedural  and  desiqn  changes,  the  analyst  would  require 
less  time,  motion,  and  energy  than  he  presently  requires,  to 
setup  and  test  in  the  laboratory. 


Chapter  4 


METHODOLOGY 


4.1  SUBJECTS 

One  USAF  government  employee,  who  comprised  the  entire 
quantitative  fit  testing  population  in  the  USAF,  volunteered 
to  participate  as  a  subject.  The  subject  had  three  years 
experience  working  in  the  laboratory. 

4.2  APPARATUS 

All  observations  took  place  in  the  quantitative  fit 
testing  laboratory.  A  hand-held  Sony  CCD-8  video  camera  was 
used  to  videotape  the  USAFSAM  analyst  wnile  in  the  process 
of  testing  a  subject.  The  tape  was  played  back  via  a  Sony 
8mm  video  cassette  recorder.  A  Cronus  stop-watch  was  used 
for  timing  purposes.  To  measure  the  distances  between 
pieces  of  equipment,  a  Master  Mechanic  30  foot,  tape  measure 
was  used.  A  mock-up  was  built  from  1/2  inch  plywood, 
masonite,  and  two  inch  by  four  inch  boards.  The  appropriate 
laboratory  hardware  was  mounted,  and  all  plumbing 
connections  were  made,  thus  providing  a  functional  mock-up 
cf  the  new  workstation. 

4.3  PROCEDURE 

To  evaluate  the  effectiveness  of  the  current  laboratory 
layout,  a  MT  study  was  conducted.  The  purpose  of  the  MT 
study  was  explained  to  the  subject  prior  to  his  voluntary 
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consent  to  participate.  Before  the  MT  study  was  run,  the 


distances  between  pieces  of  equipment  were  measured.  The 
center  of  each  piece  of  equipment  was  determined,  and 
measurements  were  taken  between  equipment  center  points. 

The  USAFSAM  analyst  was  videotaped  as  he  tested  a  subject  in 
the  fit  testing  chamber .  The  videotape  was  made  in  the 
current  laboratory  setting.  From  the  video,  descriptions 
were  obtained  for  each  activity  being  timed.  These 
activities  were  entered  on  an  observation  sheet  (See 
Appendix  B),  and  became  the  focus  of  the  methods  analysis 
and  motion  studv.  The  observation  sheet  was  used  to  record 
activity  times  during  the  MT  study.  Times  for  the  study 
were  obtained  from  the  videotape.  Timing  procedures 
involved  running  the  videotape  and  using  a  stop-watch  to 
obtain  activity  times.  After  each  activity  was  timed,  the 
time  was  recorded  in  the  appropriate  place  on  the 
observation  sheet.  The  process  continued  until  all 
activities  were  timed.  With  this  information,  the  time 
needed  to  setup  and  test  were  computed,  and  the  total  time 
was  determined. 

Following  the  time  study,  a  motion  study  was  conducted. 
Th»  motion  study  consisted  of  two  partsi  1)  a  methods 
analysis  and  P)  a  determination  of  the  wte  it  to  wh 1 r h  the 
Principles  of  Motion  Fcnnomv  were  employed  in  the 
laboratory.  For  the  methods  analysis,  the  activities 
recorded  on  the  observation  sheet  were  analyrec'. 


ineff iciencies  in  the  process  were  determined,  and  a  new 
work  method  was  developed.  The  new  method  is  described  in 
Chapter  6.  Seven  of  the  22  Principles  of  Motion  Economy 
proposed  by  Earnes  C 19623  were  appropriate  for  this  study 


and  were  used  o  evaluate  the  motion  economy  of  the  current 
design.  The  seven  principles  are  defined  in  Table  4.1. 


+  Pr  inc  ip  le  four  --  Hand  and  body  motions  should  be  + 

+  confined  to  the  lowest  classification  with  which  it  + 
+  is  possible  to  perform  the  work  satisfactorily.  * 

+ - - - + 

+  2.  Pc.i.QC.i.E.1.5  ©LQj3.£.  _  Work  should  be  arranged  to  + 

+  permit  easy  and  natural  rhythm  where'er  possible.  + 


+  3*  Pr^ nc2jn_l e  mine  -  Eye  fixations  should  be  as  few  + 
+  and  as  close  together  as  possible.  + 


+  **  •  Pm  nc  ip^e  eleven  -  Tools,  materials,  and  controls  + 
♦  should  be  located  close  to  the  point  of  use.  + 


+  5.  Pm  nc  ipjl*?  "  The  height  of  the  work  place  + 
+  and  the  chair  should  preferably  be  arranged  so  that  + 
+  alternate  sitting  and  standing  at  work  are  easily  + 
♦  possible.  + 


*  6.  Pmnemgje  seventeen  -  A  chair  of  the  type  and  + 

♦  height  tr  permit  good  posture  should  be  provided  for  + 

*  every  worker .  ♦ 

♦  - - - - > 

♦  7-  PCiDSiBlS  “  Levers,  crossbars,  and  ♦ 

+  hand  wheels  should  be  located  in  such  positions  that  ♦ 

♦  the  operator  can  manipulate  them  with  the  least  + 

>  change  in  body  position  and  with  the  greatest  + 

♦  mechanical  advantage.  ♦ 

♦  - - - —  - — — - — — — - - - - - ♦ 


Table  4.1  The  seven  principles  used  to  analyze  motion 
economy  in  the  Quantitative  Fit  Testing  Laboratory 

(Par nes  U9691) 


After  completing  the  initial  MT  study,  three  new 
laboratory  designs  were  developed.  Each  of  the  designs  was 
evaluated  based  on  the  following  criteriai  time  and  motion 
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efficiency,  energy  expenditure*  adherence  to  design 
guidelines*  and  link  analysis. 

From  the  evaluation  of  the  analyst’s  performance  in  the 
original  laboratory*  it  was  found  that  an  excessive  amount 
of  time  was  spent  m  the  followmq  areas:  walking  between 
pquipment ,  plugging  and  unplugging  equipment  from  electrical 
sources,  and  moving  the  ieyboard  and  intercom.  The  time 
spent  performing  these  activities  was  determined,  and 
performance  goals  were  established  using  a  method  proposed 
by  Oran  C1966J.  The  equation  used  to  compute  the 
performance  goals  is: 

<  1  ) 

(Original  time  needed  to  perform  the  entire  activity!  - 

(2) 

(Time  needed  to  move  between  the  pieces  of  equipment!  + 

(3) 

(Time  needed  to  move  from  1  piece  of  equipment  to  the  other! 

Because  the  facility  to  which  the  Quantitative  Fit  Testing 
Laboratory  w^.s  to  be  moved  was  not  yet  complete,  it  was 
necessary  to  simulate  some  of  the  char  ac  ter  l  s  t.  i  c  s  of  the 
laboratory.  fleer  [1991]  stated  that  "a  functional  mock-up 
makes  it  possible  to  study  the  performance  of  personnel  in 
simulated  operational  situations"  (p.  160).  The  times  used 

in  variable  (3)  w»*r'-»  detei  mined  by  using  a  stopwatch  to  time 

simulated  movements  between  the  appropriate  equipment.  The 
features  that  were  simulated  were  walking  time  from  the 
workstation  to  the  sink,  the  walking  time  from  the  sink  to 


the  balance,  and  the  walking  time  from  the  workstation  to 
the  mask  storage  cabinet.  Tape  was  placed  on  the  floor  at 
the  appropriate  distance  from  the  equipment.  As  the  analyst 
proceeded  normally  from  the  workstation  to  the  sink,  from 
the  sink  to  the  balance,  and  from  the  workstation  and  booth 
to  storage,  stopwatch  times  were  taken  over  the  distance 
from  the  tape  to  the  equipment  piece.  The  times  recorded 
from  the  simulation,  and  the  times  taken  from  the  second  MT 
study  were  combined  to  provide  an  overall  time  perspective 
for  the  analyst  working  in  the  laboratory  mock-up. 

The  second  method  used  to  evaluate  the  proposed  designs 
was  the  extent  to  which  the  seven  Principles  of  Motion 
Economy  listed^in  Table  4.1  were  achieved.  For  the  first 
principle  used,  there  are  five  classifications,  ranqing  from 
finger  motions  (Class  I)  to  gross  body  motion  involving 
turninq,  twistinq,  and  reaching  (Class  V>.  This  last,  class 
necessitates  posture  disturbance.  By  applying  the 
Principles  of  Motion  Economy  to  each  of  the  design 
proposals,  the  amount  of  motion  was  reduced  to  the  lowest 
level  possible  considerinq  the  constraints  of  each 
particular  design. 

Given  that  the  amount  of  motion  required  to  setup  and 
test  in  each  proposed  desiqn  was  minimized,  a  methods 
analysis  was  used  to  det.ermi  se  which  of  the  proposals  was 
most  efficient.  This  was  accomplished  by  doing  a  task-by¬ 
task  comparison  for  the  three  designs.  Following  the 


methods  analysis?  the  amount  of  energy  expended  by  the 
analyst  was  determined. 

From  the  motion-time  study?  the  activities  performed 
throughout  the  fit  testing  process?  and  their  duration?  were 
recorded.  The  results  were  expressed  as  so  many  minutes 
spent  walking?  sitting?  doing  laboratory  work?  typing  on  the 
computer?  and  so  on.  Then,  by  using  energy  expenditure 
charts  containing  activities  which  were  similar  to  those 
performed  by  the  analyst,  the  total  energy  expenditure 
required  to  work  in  each  proposed  laboratory  was  computed. 

Kennedy  and  Bates  [19651  proposed  13  dimensions  (See 
Figure  4.1)  which  are  important  for  console  desiqn.  Van 
Cnt.t,  arid  Kinkade  [ 19731  state  that  three  other  operator- 
related  dimensional  factors  which  should  be  considered  are: 
eye  position  with  respect  to  display  area  or  field  of  view, 
reach  envelope  of  arms  and  leas,  ar.d  manner  and  position  of 
human  body  support.  The  design  proposals  were  evaluated 
based  on  whether  or  not  the  desiqn  met  the  dimensions 
recommended  bv  Kennedy  and  Bates  [19651  and  Van  Cott  and 
K  i nk  ade  C 1 973 1 . 

Link  analysis  was  the  final  area  upon  which  the  design 
proposals  were  evaluated.  With  help  from  the  USAFGAM 
anal /n) ,  the  components  which  were  included  in  the 
workstation  were  determined.  According  to  Woodson  [19811, 
link  analysis  is  used  only  after  decisions  have  been  made 
regarding  the  item*  which  will  he  included  on  the  control 


43 


Hr 


panel.  One  exception  in  the  Quantitative  Fit  Testing 
Laboratory  was  the  fit  testing  chamber  (booth).  For  this 
study,  the  booth  was  included  in  the  link  chart  although  it 
was  not  a  part  of  the  control  panel.  This  was  necessary 
because  the  booth  was  a  vital  part  of  tne  fit  testing 
process?  air  flow  lines  must  be  as  short  as  possible  to 
reduce  calibration  errors. 

The  link  chart  served  as  one  input,  when  decisions  were 
made  regarding  equipment  placement.  Link  data  indicated  how 
often  components  were  linked  and  the  importance  of  the 
links.  The  analyst  rated  the  importance  of  each  link.  The 
types  of  links  used  were  communication  links  (auditory), 
control  links,  and  movement  links  (eye  and  body  movements). 
Link,  analysis  was  the  final  evaluation  method  used  to 
determine  the  best  design  proposal. 

The  best,  laboratory  design  was  determined  from  the 
three  proposals,  and  a  mock-up  of  that  design  was  built. 
IJsinq  the  mock-up,  a  second  MT  study,  energy  expenditure 
analysis,  desiqn  guideline  analysis,  and  link  analysis  were 
conducted.  A  cost  and  worker  output  analysis  were  also 
conducted,  and  a  questionnaire  was  admi ni stered .  The 
results  obtained  using  the  mock-up  were  then  compared  to  the 
results  from  evaluations  of  the  current  laboratory.  The  two 
1  aye  'ts  and  work  methods  were  evaluated  to  determine  whether 
the  design  developed  in  this  project  was  better  than  the 
layout  currently  used. 


Chapter  5 


A  DESCRIPTION  OF  THE  THREE  PROPOSED  LAYOUTS 

5.1  A  DESCRIPTION  OF  DESIGN  ONE 

In  this  chapter,  three  alternative  designs  are 
presented.  The  first  design  described  is  D1 .  In  addition 
to  the  specified  system  objectives,  another  objective  of  D1 
was  to  locate  the  equipment  closer  to  the  analyst.  Figure 

5.1  indicates  that  with  a  wrap-around  console  the  control 
panels  were  easier  to  reach.  In  fact,  the  air  flow 
instruments  were  located  loss  than  three  feet  from  the  chair 
(7).  The  entire  workstation  was  located  approximately  six 
to  eight,  feet  from  the  sink  <1>,  and  the  booth  panel  (8)  and 
the  mask  panel  <9)  were  located  approx imatel y  three  feet 
from  the  booth  <3).  Another  feature  of  Dl,  was  the 
closeness  of  the  storage  cabinets  (11)  to  the  booth  (3). 

The  panels  were  on  opposite  sides  of  the  workstation, 
meaninq  that  after  calibrati  j  the  mask  instruments,  the 
analyst  had  to  physically  move  to  the  booth  panel  to 
calibrate  the  booth  instruments.  In  Dl ,  the  equipment  was 
located  relatively  close  to  the  analyst,  with  no  wires  and 
pipes  prntrudinq  into  the  walkway.  Finally,  to  unclutter 
the  work  area,  the  computer  printer  was  located  on  a  printer 
stand  < 13 ) . 

5.2  A  DESCRIPTION  OF  DESIGN  TWO 
The  layout  for  desjqn  two  <D2> 

A6 


is  shown  in  Figure  5.2. 
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D2  was  different  from  either  of  the  other  two  designs.  D1 
and  D3  had  wrap-around  consoles,  but  D2  had  an  L-shaped 
console.  An  additional  objective  of  D2  was  to  have  the 
workstation  more  open.  In  D5,  the  workstation  was  further 
away  from  the  sink  (1)  and  f  torane  cabinets  (11'  than  in  Dl. 
Anain.  protruding  pipes  and  wires  were  not  a  problem.  Only 
one  control  panel  was  required.  The  panel  contained 
instruments  for  both  the  mask  and  booth,  so  the  analyst  did 
not  have  to  move  in  the  cnair  during  calibration.  In  order 
to  make  room  for  all  of  the  instruments,  the  DC  power 
sources  (13)  were  located  on  top  of  the  panel.  To  unclutte.* 
the  work  area,  the  computer  Dr  inter  and  data  logger  were 
located  on  a  printer  stand  (12>. 

5.3  A  DESCRIPTION  OF  DESIGN  THREE 

The  layout  for  desiqn  three  (D3)  is  shown  Figure  5.3. 
The  control  panels  for  D3  are  shown  in  Figures  6.2  and  6.3 
on  paqes  55  and  56.  D3  offered  a  spatial  compromise  between 
Dl  and  D2.  The  air  flow  instruments  were  closer  to  the 
analyst  in  03  than  in  either  of  the  previous  two  designs. 
Similar  to  Dl  though,  the  workstation  was  located  close  to 
the  sink  and  storaqe  cabinets.  The  printer  and  data  logger 
were  located  outside  of  the  wmi  station  in  an  attempt  to 
uncliitter  the  work  area,  and  protruding  pipes  and  wires  were 
not.  a  problem. 

5.4  OTHER  DESIGN  CONS I  DEFAT  I ONS 

In  each  design,  the  three  air  flow  instruments  were 
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located  together  based  on  the  Functional  Grouping  Principle 
defined  by  Goldbeck  et.  a).  [19713.  This  principle  states 
that  controls  and  displays  with  the  sane  mission  should  be 
grouped  together.  Goldbeck  et .  al.  C  1971 3  also  define  the 
Loc s 1 1 on-b v -Frequency  Principle  in  which  the  more  frequently 
used  controls  and  disDlavs  are  placed  in  optimum  locations 
on  the  panel.  For  D1  and  D3  .  this  principle  was  followed. 

Another  desiqn  considerat ion  was  labeling.  Labeling  is 
an  effective  way  to  identify  controls  and  displays  which 
helps  to  eliminate  confusion  between  equipment.  For  the 
proposed  designs,  the  same  labeling  scheme  was  used.  All 
labels  were  located  above  each  display  or  control.  In 
Figure  6.3,  on  page  56.  the  calibration  line  label  was 
misplaced,  but  was  correctly  placed  prior  to  testing. 
Additional  labels  were  placed  on  wires  and  air  flow  lines  on 
the  hack  side  of  the  panel  for  identification  purposes 
during  maintenance.  Woodson  and  Conover  [lP^O}  stated  that 
all  labels  should  be  consistently  placed  abovs  or  below  the 
accompanying  display,  with  above  being  the  preferred 
location.  The  manometer  hydrogen  pressure,  the  line  air 
pressure,  the  DC  power  source,  and  the  integrator  bo:: 
contain  permanent  labels  on  the  face  of  each  display. 

I  tghting  w,)*--  » nr,  t  f, .  M  non*  u1»i  at  ion.  F'nque 

t  1 949  ]  rtated  that  lighting  intensity  in  d i  f ferent 

m 

laboratories  varied  from  15  tn  3H  f  or.  t -r  and  1  es .  and 
r  eseerc  tier  «  o  refer  an  intensity  of  30  f  on  t -r.  and  1  r»s  . 
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Blanchard  and  Fabrycky  C19S11  recommended  levels  somewhat 
higher  than  that  previously  mentioned.  For  panels,  dials, 
and  rouqh  inspection  tasks,  the  recommended  illumination 
level  was  50  f oo t-c and  1 es ,  with  30  foot-candles  being  the 
recommended  minimum.  Accordingly,  a  light  intensity  of  50 
foot-candles  was  recommended  for  the  new  laboratory 
facility. 

Finally,  a  shelf,  which  ran  along  the  inside  of  each 
workstation,  was  orovided,  to  allow  the  analyst  to  rest  his 
forearm  while  usinq  the  controls  and  typinq  on  the  keyboard. 
Flectrical  outlets  were  provided  on  the  front  of  each 
control  panel  which  enabled  the  analyst  to  easily  plug  and 
unplug  the  pumps  when  necessary. 


•>?. 


Chapter  6 


RESULTS 


6.1  OVERVIEW 

The  three  proposed  designs  were  evaluated  in  each  of 
the  following  areas:  rime  efficiency,  adherence  to  the 

Principles  of  Motion  Economy,  work  methods,  energy 
expenditure,  link  analysis,  and  applicability  of  design 
guidelines.  Of  the  three  proposals,  D3  was  deemed  the  best. 
Figure  6.1  shows  the  focal  point  of  03.  The  computer  and 
both  sets  of  air  flow  instruments  are  shown.  The  mask  panel 
is  shown  in  Figure  6.2,  and  the  booth  panel  is  shown  in 
Figure  6.3. 

6.2  TIME  COMPARISON  FOR  THE  PROPOSED  DESIGNS 

Because  each  of  the  proposed  designs  was  not  actually 
tested,  performance  qoals  were  computed  and  used  as 
described  in  Chapter  4 .  These  performance  gnals  served  as 
the  anticipated  times  for  setup  and  testing  in  each  of  the 
design  proposals.  Using  the  anticipated  times,  comparisons 
were  marie  amonq  designs.  For  the  three  proposals,  the 
anticipated  time  rwdiicuno  during  setup  was  4.10  minutes, 
the  time  reduction  during  testing  was  ,p,S  minutes,  hence, 
the  total  t  ,  me  .-eduction  was  expected  to  he  4.Ro  minutes. 

The  time  reductions  were  possible  because.  In  each  design, 
the  entire  workstation  was  closer  to  the  sink-,  the  booth  was 
closer  tn  storage,  and  the  consoles  were  moved  almost  to 


Figure  6.1  Tbm  Focal  Point  of  thm  D3  Hock-up  Showing 
thm  Computer  and  Air  Flow  Instrument* 


within  arms  reach  of  the  analyst,  thus  eliminating  walking 
between  the  computer  and  the  consoles.  With  D3,  it  was 
expected  that  the  potential  time  reductions  would  be 
similar,  but  greater,  than  those  anticipated  in  D1  and  D2 . 
This  was  probable  because  in  D3,  the  controls  were  all 
located  within  21  inches  of  the  analyst,  thus  requiring  a 
short  arm  movement  to  reach  the  desired  control.  In  D1 ,  the 
analyst  had  to  extend  his  arm  and  lean  to  the  side  to  make 
control  inputs.  In  D2 ,  the  analyst  had  to  move  the  chair 
approximately  two  feet  and  extend  his  arm. 

6,3  A  COMPARISON  OP  THE  PRINCIPLES  OF  MOTION  ECONOMY 

The  first  Principle  of  Motion  Economy  states  that 
motions  should  be  confined  to  the  lowest  clusif  icat.ion 
possible.  There  are  five  clwssif lcwtions,  ranging  from 
finger  motions  (Class  I)  to  gross  body  motion  involving 
turning,  twisting,  and  reachinq  (Class  V).  In  D3,  a  Class 
III  motion  was  required  to  manipulate  the  most  frequently 
used  controls.  Mrtiont  in  the  other  two  desiqns  exceeded  a 
Class  III  mo  t.  ion. 

The  second  principle  states  that,  work  should  be 
arranged  to  permit  an  easy  natural  rhythm  wherever  possible. 
03  allows  for  an  easy  natural  rhythm  for  t.wo  reasons. 

First,  the  analyst  rc-uld  comfortably  res!  his  forearms  on 
the  shelf  and  <atill  easily  reach  the  controls.  In  the  other 
designs,  more  drastic  movements  were  necessary  to  reach  the 


controls 


Re-ond,  in  01,  all  of  the  controls  were  located 


wichm  a  35  degree  arc  to  either  side  of  the  computer  (which 
is  in  the  center),  so  the  analyst  could  rhythmically  move 
back  and  forth  from  the  cooth  instruments  to  the  mask 
instruments. 

The  third  principle  states  that  eye  fixations  should  be 
as  few  and  as  close  togetner  as  possible.  D3*  aqain,  was 
the  most  economical  design.  Morgan  et .  al.  C 19633  stated 
that  the  maximum  viewing  angle  witn  the  eye  is  35  deqrees. 
With  the  frequently  used  instruments  located  within  35 
deqrees  to  either  side,  eye  fixations  were  relatively  close 
together  in  03.  Controls  in  01  and  02  were  located  well 
beyond  35  degrees. 

The  fourth  principle  applies  the  sam-»  for  each  of  the 
designs.  This  principle  states  that  tools,  materials,  and 
controls  should  be  located  close  to  the  point  of  use.  In 
each  design,  the  sink  and  storage  cabinet  were  approximately 
the  same  di  itance  from  the  workstation,  however,  the 
distinguishing  char  ac  t.er  i  st  l  c  was  the  arm  reacn  distance  to 
the  air  flow  instr<  ments.  In  01,  arm  reach  to  the  furthest 
instrument,  aas  onlv  21  inches,  while  in  Dl  and  D2  this 
distance  wan  much  greater. 

Principle  five  states  that  the  height  of  the  work  place 
ard  the  rhair  should  ,.>e  preferably  arranged  so  that 
alternate  sitting  »nd  standing  at.  work  are  eerily  possible. 
The  heiqhfc  of  the  work  place  was  identical  for  all  three 
designs,  29  Inches.  This  was  lower  than  the  36  inches 


recommended  by  Kennedy  and  Bates  [1965],  for  a  couple 
reasons:  1)  the  analyst  sits  most  of  the  time  and  2)  line- 

of-sight.  over  the  top  of  the  computer  was  necessary  from  the 
sittinq  position. 

Principle  six  states  that  the  use  of  a  chair  of  the 
tvpe  and  height  to  permit  good  posture  should  be  provided. 

A  chair  with  casters  on  the  bottom,  an  adjustable  back 
support,  and  adjustable  height  was  recommended  for  all  three 
designs.  The  chair  is  shown  in  Figure  6.4. 

The  final  principle  which  was  addressed  states  that 
levers,  crossbars,  and  hand  wheels  should  be  located  so  that 
they  can  he  manipulated  with  the  least  change  in  body 
position  and  with  the  greatest  mechanical  advantage.  D3 
was  clearly  the  most  motion  efficient.  The  largest  class  of 
motion  routinely  required  in  D3  was  Class  III.  The  summary 
rankings  of  eacn  desiqu  for  each  of  the  Principles  of  Motion 
Economy  are  provided  in  Table  6.1.  The  ranting  scale  went 
from  one  to  three,  with  a  one  symbol  1 r l nq  the  desiqn  which 
t»?t  fulfilled  the  intent  of  the  principle. 

6.4  COMPARISON  OF  THF  WORK  METHODS  FOR  THE  PROPOSED  DESIGNS 

An  evaluation  of  the  work  method*  was  conducted 
f  '  *  *  lowing  (lie  f  i  r  o  t  MT  ,  t  ml  ✓  ,  F  r  nm  the  evaluation,  several 
1  'efficiencies  wei  e  found,  and  a  new  method  w»n  developed. 
Hecauee  the  same  method  was  used  in  each  desiqn,  the 
differences  between  designs  was  not  great,  however. 


differences  d’d  »',l«t. 


Figurs  6.4  fits  Chair  Rscommsndsd  for  Us*  in  tits 
Quant i tat i vs  Fit  Tssting  Laboratory 
(Sandsrs  and  McCormick  C 19973) 
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Principle 

Dl 

DS 

D3 

— 

— 

-4- 

-4- 

Hand  L  body  motions 

4 

Mainly 

4* 

Movement 

4- 

Class 

4- 

confined  to  lowest 

4 

Class  V 

4- 

in  the 

4 

1 1 1 

4 

class  necessary  to 

4 

mot l ons 

-4 

chair,  then 

4* 

motions 

4 

perform  task 

4 

4- 

Class  II- 

4- 

4 

4 

4- 

III  motions 

4 

4 

4- 

(2) 

4- 

( 3 )  * 

4* 

(  1  ) 

4 

— 

-4 

*—  4 

— 

-4-- 

— 

—  4 

Work  arranqed  to 

4 

Some 

4 

No  rhythm 

-4 

Rhythm 

4 

allow  natural  rhythm 

-4 

rhythm 

4 

possib le 

4* 

easy  to 

4 

4- 

poss l b 1 e 

4- 

4- 

estab 1 l sh 

4 

-4 

(2) 

4- 

(3) 

4 

(  1  ) 

4 

Eye 

fixations  are 

4 

V i ew l nq 

4 

Movement  in 

4 

Viewing 

4 

few 

&  close  together 

-c 

anq  1  e 

4 

chair,  then 

4 

anqle  35 

4 

(  to 

computer  and  air 

4 

50-60 

4 

viewing 

4 

degrees 

4 

flow  instruments) 

4 

degrees 

4 

angle  "“45 

4 

4 

4 

4 

degrees 

4 

4 

4 

(3) 

4 

(2) 

4 

(  1  > 

4 

Tool 5  2.  controls  ■*■ 

located  close  to  ♦ 

point  of  use  •*■ 

(Airflow  ♦ 

instruments)  ■*■ 

- + 


Height  of  workplace  *■ 
2<  chair  arranqed  to  «• 
allow  at.andinq  i, 
s  1 1 1 1 nq  ♦ 


Chair  permits  good  > 
posture  * 


- - - — - -»  • 

Controls  located  so  ♦ 
that,  manipulation  ♦ 
can  be  accomplished  ♦ 
with  least,  change  in  • 
body  position  * 


Arm  reach  +  Movement  in  ♦  Arm  reach  + 
is  32  chair*  then  +  21  inches  + 

inches  ♦  arm  reach  +  + 

is  16  inches-*-  + 

(2)  +  <  3 )  •*•  (1)  + 


Same  for  each 

design 

4 

4 

—  +  _ 

- ♦  _ 

—  4 

4 

Same  chair 

used  for 

each 

design 

4 

4 

- 

-~4 

Class  V 

4 

Movement 

l  n  ■*• 

C  1  ass 

4 

mo  t i on 

4 

chair. 

4 

I  I  I 

4 

reqi  1 1  red 

4 

then  Class  •*■ 

mo  t ions 

4 

4 

I  I  -  I  I  I 

4 

4 

4 

mo  1 1 ons 

4 

4 

(2) 

4 

- ♦  - 

(3)* 

4 

- 4-- 

(  l  ) 

4 

-•  4 

*  Only  Class  II  III  motions  a< e  necessary  to  manipulate  the 
controls,  hut,  the  body  motion  necessary  to  move  the  chair  to 
the  controls  makes  the  ranting  for  these  principles  lower 

Table  6.1  Summary  table  for  the  Principles  of 
Motion  Economy 
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A  hypothetical  functional  flow  diagram  was  constructed 

for  each  of  the  desiqns  and  was  converted  to  the  tables 

shown  in  Appendices  C?  D,  and  E,  for  D1 ,  D2,  and  D3 

respect xvely .  From  the  tables,  a  methods  analysis  was 

conducted.  By  projecting  the  use  of  the  improved  methods 

into  Dl,  D2,  and  D3,  a  comparison  was  made  among  designs. 

Results  of  the  comparison  revealed  that  D3  was  the  most 

advantageous  desiqn  to  use  in  order  to  economise  motion.  A 

* 

final  evaluation  of  the  motions  performed  in  D3  showed  that 
the  first  eight  steps  were  identical  to  the  first  eight 
steps  used  in  Dl  and  D2.  In  Step  nine  of  D3,  the  analyst 
had  to  turn  in  the  chair,  while  in  the  other  desiqns  the 
analyst  had  to  turn  and  move  in  the  chair.  In  Step  10,  D2 
required  the  least  movement  because  the  calibration 
instruments  were  located  together  on  the  same  control  panel . 
Steps  12  through  17  were  identical  for  each  desiqn.  In 
Steps  18,  19,  23,  and  HA,  03  was  the  most  motion  efficient; 
the  analyst  merely  had  to  perform  a  Class  III  motion  to 
adjust,  the  air  flows.  Steps  21,  22,  and  25-33  were 
identical.  By  imolementinq  the  new  recommended  work 
sequence  in  D3,  motion  was  minimized.  In  Table  6.2,  each  of 
the  desiqns  is  ranked  based  on  the  amount  of  motion  required 
to  perform  the  step.  A  one  indicated  the  desiqn  in  which 
the  least  amount  of  motion  was  required  to  perform  the  step. 

From  the  table,  it  Is  obvious  that  the  motions  required 
were  quite  different  amonq  the  three  designs  even  though  the 
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Steps  Required 

to  Setup  &  Test  D1  D2  03 


Steps  1-9  +  Same  for  each  design  + 


Step  1 0 


Step  11 


Steps  12-17 


+ 

Sliding 

4 

No  movement 

4- 

180  degree 

4 

4 

movement 

in  + 

requ i red 

4 

turn  in 

4 

4 

chair 

4 

4 

cha  l  r 

4 

4 

(3) 

-4- 

(  1  > 

4 

(2) 

4 

4 

— 

- +  — 

-4- 

-4 

4 

SI  l  d l nq 

4 

SI l d l ng 

4 

90  degree 

4 

4 

movement 

l  n  -t 

movement  in 

4 

turn  in 

4 

4 

cha  i  r 

4 

cha  l  r 

4 

chair 

4 

4 

(2) 

4 

(2) 

4 

(  1  ) 

4 

4- 

— 

- +_ 

-4- 

— 

-4 

♦ 

Same 

for  each  design 

4 

Steps  18-20  +■  Turn  S.  reach  ♦  Sliding  ♦  Reach  +■ 

,  +  movement  +  movement  in  -t  movement  + 

-*■  ♦  chair  +  + 

♦  (2)  (3)  +  (  1  )  + 

- > - - - — -— +■ - — - ■+■ 

Steps  21-22  ♦  Same  for  each  desiqn  + 

- >. - + - 4 - 

Steps  23-24  *■  Turn  L  reach  +  Sliding  ♦  Reach  ♦ 

+  movement  ■*  movement  in  +  movement  +• 

♦  chair  >  chair  ♦  (2)  + 

+  <  3 )  +  (  1  )  *■ 

- - - ♦ - ♦ - ♦ - 

Steps  2“j-33  Same  for  each  design  ♦ 

- - - - > - + - «- - - — - - 

Walking  -*•  166  feet.  ♦  180  feet  -t  134  feet  ♦ 

distance  ♦  (2)  ♦  (3)  ♦  (1)  ♦ 

— - — - - - - —  - - + - — — — - *. 

Table  6-2  Summary  table  for  methods  analysis 


operations  performed  were  essential Iv  the  same.  8v  being 
the  most  motion  efficient.  D3  was  bound  to  reduce  energy 
consumpt,  ion. 


4.*,  A  COMPARISON  OF  Eflf-Pr.y  E  XRSND I  TURF  FOR  01.  02.  AMD  01 
Usinq  information  taken  from  Kon:  C1979]  and  Woodson 
'.'1781  1*  it  was  determined  that  while  working  in  a  laboratory 
designed  such  as  D1  .  the  enelyst  would  P'iDtnd  approximately 

o.l 


118.53  kcal/hour.  In  D3,  the  analyst  would  expend  119.87 
kcal/hour,  and  while  working  in  D3,  the  analyst  would  expend 
118.43  kcal/hour.  The  computed  energy  expenditures  for  each 
design  were  then  multiplied  by  eight;,  to  show  the  total 
energy  expenditure  for  a  work  day  in  which  an  average  of 
eight,  subjects  were  tested.  The  results  are  shown  in  Table 
6.3.  The  differences  found  between  the  designs  was 
insignificant*  but.  these  results  were  one  more  piece  of 
evidence  which  showed  that  D3  was  the  best  design. 

Energy  Expenditure 
Design  <kcal/day> 


Desiqn  one  948.16 

Design  two  958.96 

Desiqn  three  947.44 

Table  6.3  Summary  table  of  energy  expenditure  for  an 

eight  hour  work  day 

6.6  A  COMPARISON  OF  LINK  ANALYSIS  FOR  THE  PROPOSED  DESIGNS 
The  link  chart  is  shown  in  Figure  6.5.  The  numbers  in 
the  link  chart  indicated  the  number  of  times  the  two  pieces 
of  equipment  wer  linked  during  setup  and  testing.  In  this 
project,  only  the  A,  E*  and  I  links  were  addressed.  The 
lenqths  of  these  links  were  used  for  evaluation  purposes. 

The  purpose  for  usinq  link  data  was  to  ensure  that  equipment 
pieces  that,  had  to  be  In  rated  close  together  were  located  as 
rlrse  tr.qether  as  possible.  Closeness  does  not  ensure 
efficient  movement  between  the  equipment,  but  it  is  one  wav 
t.n  evaluate  the  link  values.  A  summary  of  the  A,  E»  and  I 


Each  of  the  letters  below  indicates  how  essential  it  is  for 
two  pieces  of  equipment  to  be  located  close  together.  The 
nueber  indicates  how  often  the  two  pieces  of  equipment  are 
1  inked. 

Key 


Figure  6.3  Link  Char t  of  the  Quantitative  Fit 
Testing  Laboratory  <b  -  booth  and  m  -  mask) 
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link  distances  is  shown  in  Table  6.4.  The  table  clearly 
shows  that  D3  is  the  best  design  based  on  link  distances. 


"A”  link  "E"  link  ’*  I"  link 


Dl 

—  4*  — 

+ 

2.5 

-4- - 

4- 

5.5 

4* 

- + 

3.5  + 

D2 

4- 

3  .  fi 

4- 

6.5 

4- 

7.5  ♦ 

D3 

4“ 

2.5 

4- 

4.0 

4* 

3.0 

Table  6 

•  4 

Summary 

of 

the 

link 

lengths  (feet ) 

each  design 


6.7  DESIGN  GUIDELINES 

Kennedy  and  Bates  C 19651  described  13  dimensions  i Sec 

Figure  4.1  on  page  44)  which  were  important  for  console 

design.  The  console  required  in  the  Quantitative  Fit 

Testing  Laboratory  was  a  sit-stand  console  in  which  vision 

O'er  the  top  of  the  computer  was  necessary.  The  13 

dimensions  were  the  focus  of  the  design  guideline 

evaluation.  A  summary  of  the  dimensions  for  each  design* 

and  the  rankings  of  each  desiqn  on  that  dimension  are  shown 

in  Table  6.5.  For  most  of  the  dimensions,  the  three 

proposals  were  the  same.  In  the  first  dimension.  D2  was 

rated  the  best  because  the  console  height  did  not  come  into 

play  for  this  design.  The  computer  sat  at  approx imatel y  30 

inches  above  the  floor,  and  the  control  panel  was  located 

two  font  from  a  wai 1 .  so  there  was  no  need  to  see  over  the 

top  of  the  console.  For  the  third  dimension.  Dl  was  rated 

the  best.  Due  to  its  shape,  the  front  portion  of  the 

workstation  arc emmodated  more  equipment  than  the  front  part 

of  either  0?  or  03.  Therefore,  the  height  of  the  side 
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Dimension 


D1 


DS 


D3 


Max.  console  +  o5"  over  side  Panel  located-*-  65"  over  + 
hPiqht  from  -*-  panels  -*-  against  wall  -*-  side  panels*- 

standing  -*-  (2)  *-  (  1  i  -*■  (3) 

- 1 - * - < - 

Same  for  each  design 

- - H - 

+■ 


Console  depth 


*- 


.'ertirai  pane 
d  i  it  ens  i  o  n 


33  1 


3o" 
*  2  > 


36" 

<P> 


Panel  angle  + 
from  vertical  * 


The  console  panel  angle  for  each 
desiqn  was  90  degrees 

- +. - -i - 


M  l  fii  mi  im  penc  l  1 
shelf  depth  -*• 

- +  - 

Minimum  -*■ 

wr  l t i nq  dep  th  -*- 
- *.  _ 

(■nee  Cl  ear  a  itce  -*■ 


IP  inches  for  each  design 
■  - - ► - -* - 

Sane  for  each  design 


t- 

—  + 
+ 
+ 


Same  for  each  desiqn 

- 4- - . 


Font  support  •*■ 
t o  seat  height  + 


leat.  adjust. 


> 


Same  for  each  design 

- 4 - - 

Same  for  each  design 
- + - * 


M i nimum  th lgh 
c 1  ear  a nc e 


Same  for  each  desiqn 

- + - 4 


Ur  1 1 1  nq  surface-*- 
height  standing-*- 
- - - 

+■ 

- 


'-e.it  height 


Same  for  each  desiqn 
- -  - * 

Same  for  each  design 

-  -  -  -  ..  > - - -  - - 1 


--*- 

*■ 

--*- 

+ 

-  + 
*• 


M  *  >  .  Congo  1  e 

♦ 

66" 

*4 

a-v 

4" 

L3" 

4 

P  a  nr*  1  breadth 

4 

<  p  ■> 

4- 

(  3> 

4* 

(  1  ) 

4 

-  4  - 

-  4*  - 

— 

- 4  - 

- - 

-  4 

F  / »»  position 

4- 

IPS  is  P5  deg 

,  4- 

LOS  is 

1  S  deg  ♦- 

L3S  is  15 

4 

with  re  pert 

4* 

t '  •  *ho  VOT 

4 

v 1 1 nq 

anq  1  e-*- 

deg  -  ,  v 1 pw 

.  4 

t.  0  field  of 

♦- 

-  1 » -w  1  r.g  ang  1  « • 

4- 

to  the 

air  «■ 

angle  to 

-4 

/  \  *>w 

■4- 

*• air  *  . .  ■  w 

4 

flow  d  1  sp  l  ays  *■ 

air  flow 

4 

4- 

'•*  r|iUv*  is 

4 

1  ^  *>3 

4 

displays  1 

r*  +. 

♦- 

SI  oS  d‘»gi  ees 

4 

degrees 

4- 

PS  •  15  deg  . 

4 

♦ 

•:  f 

4 

< 1 

4 

<  1  * 

4 

— 

-  4- 

- - - 

-  4*  - 

— 

- 4-  - 

-  4 

f-.'aach  envoi  r,pe 

4* 

Pri-SP" 

4- 

v  1  6 

M  4 

18.5-PI " 

4 

of  arms 

4 

P  r 

4- 

(  3* 

-4 

(  1  i 

4 

. -  -  -  - - ... 

4  - 

-  4  - 

- - - 

-  ~  - - 4  - 

-  4 

Bod-/  suppor  t 
j  >  r,  s  1  hnn 


♦ 


Same  fnr  each  design 

...  -  ■  ...  ...4 - — -  .4 - - - - 

im.nar  y  tap  It-  for  the  design  guideline** 
*,7 


T  ah  !  e  iS 


panels  was  reduced  because  net  as  much  equipment  was  placed 
to  the  side.  For  the  maximum  console  panel  breadth*  D3  was 
rated  the  best  with  a  breadth  of  43  inches.  D3  was  also 
rated  the  best  for  the  eye  position  with  respect  to  the 
field  of  vision,  and  the  arm  reach  envelope.  The  most 
frequently  used  controls  were  located  within  a  35  deqree  arc 
and  PA  inches  of  the  computer.  For  D2*  the  reach  distance 
was  only  10  inches,  however,  the  analyst  had  to  move  in  his 
chair  to  qet  that  close.  Based  on  the  design  quideline 
evaluation,  D3  was  determined  to  be  the  best.  The 
dimensions  of  D3  were  then  compared  to  the  dimensions 
recommended  by  Kennedy  and  Bates  C 19653.  D3  d;d  not  meet 
the  following  recommended  guidelines:  A,  C,  F,  and  M  (See 
Figure  4.1  on  page  4**  >  .  For  Guideline  A,  the  side  panels  in 
D3  were  65  inches  hiqh,  which  exceeded  the  maximum 
recommended  height  of  58  inches.  The  added  console  height 
was  necessary  for  two  reasons.  First,  by  locating  some  of 
the  instruments  lower  on  the  panel,  excessive  plumbinq  costs 
would  have  resulted.  All  of  the  instruments  shown  on  the 
console  were  connected  to  each  other,  to  the  booth,  or  to 
the  mask .  They  were  connected  by  copper  tubtnq  or  rubber 
air  dr,n  h ri-.e  ..  If  the  console  height,  was  reduced,  then  to 
compensate*,  the  panel  would  have  tf,  fcu*  extended 
hor i sonta 1 1 y  ,  thus  requiring  excess  plumbing.  The  second 
reason  for  the  excess  console  height  was  to  avoid  locating 
equipment  in  the  area  labeled  "least  desirable"  in  Figure 


6.6.  In  D3 ,  the  computer,  keyboard,  and  intercom  were 


located  in  the  reqion  labeled  "optimum",  and  the  remaining 
equipment  were  located  in  the  areas  labeled  "accep tab le" . 
Therefore,  a  trade-off  was  made  wh  1  1  e  desiqmnq  D3,  and  the 
console  height  was  6"?  inches.  Due  to  the  two  reasons  stated 
above,  Guidelines  C  and  M  were  also  not  followed. 

The  recommended  minimum  writing  surface  depth, 
including  the  pencil  shelf  (Guideline  F),  is  16  inches. 
Although  some  writing  was  necessary  in  the  workstation,  the 
most  important  function  was  performed  with  the  keyboard 
which  required  about  10  inches.  The  writing  performed  by 
the  analyst  was  done  in  a  sir  inch  by  nine  inch  steno-pad  as 
readings  wore  taken  from  the  integrator  be  -:.  When  using  the 
steno-pad,  a  13  inch  pencil  shelf  was  adequate. 

It  is  important  to  note  that  none  of  the  leg  clearance 
dimensions  were  applicable  because  the  workstation  had' legs 
instead  of  a  solid  base,  which  might  hinder  leg  movement. 
Al«o,  the  chair,  which  was  recommended ,  met  all  of  the 
gui  do  lines  described.  0fher  important,  dimonsio  ns  found  m 
f)l  included  l  the  wr  1  t  i  ng  surface  height.  (Guideline  K)  which 
w»s  ?9  inches,  a •  id  the  viewing  angle  to  the  computer  screun 
wh  m  h  -m'.  1  “i  deqrees  he  low  normal  1  ire  of-Sight  with  a 

/  ,  ew  i  ni|  ilrd  Jill  t’  o  f  FI  i  o :  ho,,  .  'ui,.t»i  -i  and  h,  I  i  •  i  ,h  1  •  I  [  l  1  d >7  ) 
stated  that  a  viewing  distance  <>  f  I  ••  M  inches  for  VDT 
wort  stations  i«  *crt*ptahle. 

The  design  guidelines  npr»  an  )  mpor  tant  part  of  the 


Figure  6.6  Area*  Recommended  to  Locate  Control* 
in  a  Wrap-Around  Console 
(Ely  at.  al.  C19361) 
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desiqn  proposal  evaluations.  A  summary  of  all  six 
evaluations  is  provided  in  Table  6.6. 


1=  Best  2  =  Second  best  3  3  Worst 

Design  Design  Design 
1  2  3 

- - -► - + - + - «. 

Link  Analysis  2  +  3  +  1 

- - + - - +■ 

Time  Efficiency  ♦  2  +  3  +  1  + 

- + - + - - •+• 

Methods  Analysis  +  2  +  3  +•  1 

- 4. - -  + - 4. - 4. 

Motion  Econ.  Principles  ♦  2  t  3  +  1  * 

- 4. - 4. - 4. - 4. 

Energy  Expenditure  +  2  t  3  +  1  + 

- 4. - 4. - 4. - 4. 

Desiqn  Guidelines  +■  2  ♦  3  t  1  ♦ 

- - -  _  -  4- - 4. - 4. - 4. 

Table  0.0  Desiqr  rani ir,cis  in  each  of  the 
evaluation  categories 


Tahle  6.6  ciearlv  indicates  that  D3  is  the  best,  alternative. 
Al'hi  u.ih  for  several  of  the  rating  categories  the 
differences  between  D3  and  01  were  minimal,  it  was  the 
o  era  1  1  superiority  of  03  that,  made  it.  the  best  desiqn. 

Having  established  t.n«t  03  was  the  best  proposal*  a 
mock -up  of  1)3  was  constructed  for  t  wo  reasons!  1  )  to  test 
*  he  feasibility  of  03  in  the  laboratory  settinq  and  2)  to 
'  r.mpare  1)3  to  the  current  1  a  bo  r  a  t  r.r  y  .  A  second  MT  study  was 
1  u.  r  d  ti,  determine  1  f  the  layout  and  work  methods  pro  posed  in 
thin  p  1  < .  j  e<  t  w->  i  *>  superior  to  t  h  e  1  »vriit  >ni)  wo  1  1  methods 
currently  used  in  the  rJuant  1  tat  1  ve  Pit  Testing  1.  abor  atory  . 

6. 3  COMPARISON  OF  DEMON  THREE  Af!0  T  v-  E  CUFPfNT  LABOR  A  TORY 

1  he  t  1  mem  oh  t  a  1  ned  in  tie  Ml  studies  for  t  tie  r  ur  rent 


J  1 


desiqn  and  dpsiqn  three  are  shown  in  Appendix  F.  Also 
provided  are  the  setup?  testing?  and  total  times  for  each. 

By  using  the  suggested  work  method  with  the  mock-up?  the 
analyst  was  able  to  reduce  the  lc.horar.ory  setup  time  from 
*+8.9?  minutes  to  44. 20  minutes.  The  testinq  time  was 
reduced  from  9. /4  minutes  to  3. S'*  minutes.  The  total  time 
reduction  was  5.94  minutes.  Tms  is  a  10.1  per  cent 
i eduction  in  time. 

Some  significant  time  differences  between  the  two 
desiqns  were  found  in  several  steps.  Based  or.  a  change  in 
work  methods?  the  analyst  was  able  to  reduce  the  time  needed 
to  perform  Step  four  by  .33  minutes.  The  time  needed  to 
perform  Step  10  in  the  current  laboratory  was  .26  minutes 
shorter  than  the  time  required  in  D3.  This  was  due  to  the 
added  walking  distance  from  the  workstation  to  the  bark  of 
♦•he  booth  in  03.  In  order  tc  locate  the  workstation  closer 
to  Hie  sink  in  D3?  the  walking  distance  to  the  back  of  the 
booth  had  to  be  lengthened.  However?  the  walkinq  distance 
to  the  sink  was  reduced.  The  sink  was  used  more  frequently* 
therefore?  it  was  q l ven  higher  priority.  In  Step  11?  the 

was  reduced  almost  one  minute  in  D3  because  the 
i  stat  i  on  and  the  balance  were  located  closer  to  the  sink. 
In  Step  IP,  the  time  was  reduced  over  two  minutes  m  D3 
because  most  of  the  walkinq  durinq  calibration  was  reduced. 
In  Step  22  for  D3?  the  intercom  was  permanently  plugged  in* 
and  the  analyst  was  already  sittinq  in  the  chair*  so  the 

e  ecu  t  ton  time  was  reduced  to  only  ,CK>1  minutes. 
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33,  time  was  saved  because  the  analyst  was  no  lonqer 


required  to  walk  around  to  the  back  of  the  console  to  unplug 
the  pump.  An  electrical  outlet  was  provided  in  the  front  of 
the  workstation.  The  amount  of  time  saved  was  better  than 
a  r,  t  i  r  i  p  a  t  ed  . 

Crrrirorninq  the  Principles  of  Motion  Economy.  D3  was  the 
better  desiqn.  In  the  current  laooratory.  the  analyst 
performs  many  Class  V  motions,  but  in  the  D3  most  of  the 
motions  are  Class  III  motions.  Also,  in  D3,  the  analyst  can 
easily  establish  a  rhythm  while  working,  but  because  the 
equipment  is  so  spread  out  in  the  current  laboratory,  a 
rhythm  is  difficult  to  generate.  Eye  fixations  are  within  a 
35  deqree  arc  of  the  computer  in  D3,  but  they  are  numerous 
and  spread  out  in  the  current  laboratory.  Possibly  the  best 
feature  of  03  is  the  proximity  of  the  equipments  frequently 
used  instruments  are  within  arm*  reach,  and  in  the  current 
laboratory,  this  same  equipment  is  located  several  feet 
away.  Alternate  sitting  and  standinQ  is  possible  in  both 
laboratories,  but  the  equipment  height  makes  sitting  and 
standing  mure  advantageous  in  P3.  The  same  chair  was  used 
for  both  designs,  however,  the  chair  recommended  in  D1  will 
permit,  heft  ,-c  (.[  ■.*  t  in  e  .  Pinal  1/,  D  3  r  eg»  1 1 »  es  f  ewer  changes 
i  n  body  position  .  <h  i  1  e  wo  r  I  i  r  .g  ,  than  is  r  egu  i  r  »d  in  the 
current  laboratory , 

From  the  er>*Horis  analysis,  the  walkinn  distance 
required  to  s#  arid  test  i  it  D  J  was  reduced  bv  73  per  cent. 


The  reduction  was  accomplished  by  combining  procedures  which 


eliminated  redundancies  in  the  process. 

Because  the  proposed  work  method  was  more  efficient? 
energy  expenditure  was  reduced  over  100  kcal/day;  from 
10h9.?S  kcal/day  in  the  current  laboratory  to  947.44 
leal /day  in  D3. 

Equipment  in  the  current  laboratory  is  not  located  on 
a  console,  sherefore,  a  desiqn  guideline  comparison  with  D3 
is  not  possible.  The  wrap-around  console  described  in 
Chapter  3  was  used  to  desiqn  D3?  and  the  appropriate 
equipment  was  located  on  the  control  panels.  Without  a 
direct  comparison  between  the  two  designs?  it  is  still 
important  to  note  that  the  equipment  could  be  more 
conveniently  located  as  shown  in  D3. 

In  the  current  layout,  the  control  panels  were  located 
on  opposite  sides  of  the  laboratory?  and  in  D3  the  control 
panels  were  located  on  the  console.  The  link  values  for  D3 
were  much  shorter  than  the  link  values  for  the  current 
laboratory.  Table  6.9  provide*  a  summary  comparison  of  the 
A,  E?  and  I  links  for  the  two  desiqns. 


"A"  link  "E"  link 

'  I  link 

f.'.ur*  ent  Design  ♦  6.0  *■  8.T5  * 

a. 5 

♦ 

Design  Three  ♦  3. *5  a  4.0  ♦ 

3.0 

♦ 

Table  6.7  Summary  of  the  link  length* 

<  feet ) 

f  nr 

the  current  laboratory  and  laboratory  desiqn  three 
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6.9  COST  SAVINGS  AND  WGl'-KER  OUTPUT 

By  applying  current  waqe  information  and  the  results 
obtained  from  the  second  NT  study?  the  cost  savinqs  that 
would  result  bv  implementing  D3  can  be  calculated. 

Setup  occurred  once  each  day.  so  4  .  7"7  minutes  were 
saved.  Typically,  eight  subjects  were  tested  each  dav. 

Each  subject  was  tested  while  weannq  three  masks.  The 
amount,  of  time  saved  testing  each  mask  was  1.17  minutes. 

The ref o re . 

<i.’7  minutes  saved / test )( 3  te s t s / sub jec t ) ( 8  sub jects/day )  * 
23._t_  minutes  saved /day  .testing) 

By  adding  the  setup  time  savinqs.  the  total  time  savinqs  per 
day  w  a  s  J 

?3 . 1  minutes  ♦  4.77  minutes  »  98^9  minutes  5-iyed/day 
I ISAF  SAM  tests  subjects  in  the  Quantitative  Fit  Testing 
laboratory  90  days  per  year.  Thus,  the  time  sav  i  nqs  per 
y  e a r  was: 

(38.9  minutes  saved / da y )< 90  days/year)  » 

8.941  .nutes  saved/  year 

The  number  of  hours  in  9.9ml  minutes  was  equal  to j 
8.941  mi  riutes  /  4  u  minutes  ■  49.4  hours 
A  cording  to  the  l.’OAf  GUM  anal  yst  i.h..  rondurts  the 
"ju  a  n  t  i  »  a  t  *  ve  fit  !  e  • .  t  %  ,  hr*  males  approximately  %<  "i .  •  >•  1 1  hour  . 
which  me»r,-«  M»  »t  bv  implementing  U3«  the  U3AF  would  savei 
(*,9.4  hour  e,  )  (  %<•”,  i hoi  ir  )  •  •  l.  j  <i[  "2*5  /  ¥«**£. 
tor  the  first  year,  the  savings  will  he  less  than  • l  . 8  It . OO 


because  of  construction  costs.  Materials  needed  to 
construct  the  mock-up  cost  *80.00.  The  worker  who  built  the 
mock-up  made  *6.00  per  hour,  and  the  construction  time  was 
26  hours.  By  addinq  in  a  *10.00  cost  for  other  construction 
materials*  the  total  cost  to  construct  the  mock-up  was: 

( *6. 00/hour  >  <26  hours!  +  *80.00  +•  *10.00  *  *246  .,00 
The  final  cost  savinqs  for  the  first  year  would  equals 
*1,235.00  -  *246.00  -  *9g9_.00 

Assuminq  a  three  per  cent  per  year  pay  raise  for  government 
employees,  over  the  next  five  years  the  USAFSAM  analyst 
would  make  the  followings 

Year  1  *  *25. 00/hour 
Year  2  »  *25. 75/hour 
Year  3  «  *26. 53/hour 
Year  4  »  *27. 33/hour 
Year  5  *  *28. 15/hour 

Given  the  projected  pay  for  the  analyst  over  the  next  five 
years,  the  cost  savinqs,  not  including  maintenance  costs, 
was  computed.  Assuming  that  all  other  factors  remain 
constant,  the  five  year  cost  savinqs  real  iced  by 
l «ip  i  ement  1  nq  03  would  he  the  sum  o *  the  numbers  shown  below* 
which  is  *6,313.00. 

Yr»*r  1  savings  «*  *989.00 

i*-*ar  ?  savings  *  49.4  hours  X  *25. 75/hour  »  *1,272.00 

Year  3  savings  •  49.4  hours  X  *26. 53/hour  *  *1,311.00 

Year  4  savings  •  49.4  hou**s  X  *37, 33/hour  •  *1,350.00 

Year  5  savinqs  *  49.4  hours  X  *28. 15/hour  *  *1,391.00 

Finally,  an  examination  of  worker  output  provided 
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interesting  results.  In  the  current  work  day,  the  analyst 
sets  up  the  laboratory  and  tests  eight  subjects  in  4.7i 
hours.  By  implementing  the  new  work  method  and  laboratory 
desiqn,  the  analyst  could  test  nine  subjects  per  dnv  and 
still  nave  over  sever,  minutes  left.  Through  an  entire  year 
(90  testinq  days),  .his  means  that  11a  more  subjects  could 
be  tested,  or  t!  a  number  of  days  needed  to  test  720  <90  day 
X  8  subjects)  subjects  would  be  reduced  to  80. 

6.10  USER  ACCEPTANCE 

The  results  of  the  quest lonna i re  (See  Appendix  G) 
conclusively  indicated  that  the  USAFSAM  analyst  preferred 
working  in  the  proprsed  laboratory  rather  than  the  current 
laboratory.  In  nine  out  t if  10  questions,  the  analyst 
indicated  that  D3  was  the  preferred  desiqn.  The  main  point 
that  came  from  the  ques t l onna i r e  were  that  the  new  design 
was  more  compact,  so  fatigue  and  stress  were  reduced, 
movements  to  and  from  equipment  were  easier  and  faster, 
displays  were  easier  to  read  so  errors  were  report'd,  and 
-afoty  was  enhanced  due  to  the  elimination  of  trip  hazards. 
The  only  area  in  wh l r h  C3  was  not  pi  eferreri  was  system 
maintenance.  However,  the  analyst  did  say  that,  in  the  new 
d"Sign«  t  tie  need  for  miiiUm.  we  w  a «  r  ed1  u  «*d  |im  ,ii.'o 
arcidents  were  infrequent. 

6.11  °RQBI  FM3  0  l  9C0VERF  D  iJHf'l  UG I  NO  THE  MOO  -IIP 

Through  the  use  of  the  fmir  Oi.nm  mock-up,  ne.eral 


problems  were  detected.  The  first  problem  dealt  with  the 


keyboard  placement.  The  workstation  was  shaoed  similar  to 
the  console  shown  in  Fiqure  6.7.  Van  Cott  and  Kinkade 
C 19723  suggested  that  a  110  degree  angle  be  used  with  a 
wr ao-around  console.  In  D3,  this  was  the  anqle  used, 
however,  when  the  console  was  assembled,  and  the  keyboard 
was  put  in  place,  access  to  the  air  flow  controls  was 
obstructed.  To  correct  the  problem,  a  board  was  inserted 
between  the  base  of  the  booth  panel  and  the  counter  top  upon 
which  the  computer  was  located.  This  board  not  only 
enlarged  the  angle  discussed,  but  also  it  otade  access  to  the 
air  flow  controls  simple.  The  larcjer  angle  was  acceptable 
because  it  resulted  in  a  more  open  work  station. 

The  second  problem  was  unexpected.  The  12  inch  counter 
ton  which  ran  along  the  inside  of  the  workstation  was  not 
wide  enough,  thus  the  analyst  could  not  conveniently  place 
the  calibration  flasks  on  the  counter  top.  To  solve  this 
problem,  the  permanent-  cork  stat  ion  should  have  a  counter  top 
that  is,  at  least,  16  inches  wide. 

One  goal  of  this  project  was  to  remove  the  VDT  from 
r  tr o  the  dick  drive.  This  meant  that  the  disk  drive  had  to 
h i *  located  elsewhere.  Optional  locations  included!  under 
the  counter  tup,  rn  top  of  either  panel  ,  or  on  a  stand 
Similar*  to  the  one  upon  which  th»  printer  sits.  The  diol 
drive  was  originally  intended  to  he  placed  rnv  a  shelf  under 
th*  counter  top,  however  ,  thn  proved  t  mpr  ae  t  ica  l  because 


Figure  6-7  Reco —ended  Angie  for  a  Wrap-around  Console 
< Van  Cott  end  Kinkade  C 19723) 


79 


\ 

1 

while  sitting,  the  analyst  could  accidentally  bump  the  disk  1 

1 

drive.  When  the  other  two  methods  were  tried,  the  i 

electrical  cord  from  the  disk  drive  would  not  reach  the  VDT. 

Given  no  other  realistic  alternative,  the  disk  drive  was  put 
under  the  VDT.  By  doing  this,  the  VDT  could  be  plugged  into 
the  disk  drive,  and  the  horizontal  1 ine-of-sight  to  the 
booth  was  still  maintained.  This  concludes  the  results 
section.  In  the  next  chapter,  a  brief  summary  of  this  study 
and  recommendat ions  are  provided. 


CHAPTER  7 


SUMMARY  AND  RECOMMENDATIONS 


7.1  SUMMARY 

As  one  examines  the  Quantitative  Fit  Testinq  Laboratory 
it  becomes  obvious  that  the  fit  testing  chamber  was 
installed  first,  and  other  necessary  equipment  was  added 
after.  Because  the  mission  of  the  Quantitative  Fit  Testinq 
Laboratory  is  so  important,  new  equipment  is  frequently 
added  to  the  system  to  ensure  that  everything  is  state  of 
the  art.  A  problem  arises  when  the  new  equipment,  is 
installed  wherever  there  is  room  or  wherever  is  convenient. 
Little  thouqht  is  given  to  future  maintenance 
considerations,  ease  of  use,  or  safety  problems.  Thus,  the 
computer  equipment,  sits  on  a  laboratory  cart,  copper  pipes 
protrude  into  walkways,  electrical  wires  and  air  hoses  hang 
at  waist  level  in  walkways,  and  the  balance  is  located  four 
laboratories  away . 

The  MT  study  brought  to  light  some  inherent  problems 
that  existed  in  the  Quantitative  Fit  Testing  Laboratory  and 
in  the  testing  procedures  themselves.  Through  better  desiqn 
and  laboratory  layout,  these  problems  were  reduced,  and  in 
most  cases,  eliminated. 

7.2  RECOMMENDATIONS 

Due  to  the  nature  of  this  study,  some  desiqn 
r ecommendet l ons  are  provided  first,  followed  by  the 
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recommended  areas  for  future  study.  Generally*  USAFSAM 
should  implement  the  procedural  changes  and  the  new  layout 
recommended  in  this  study.  The  result  will  be  easier  job 
performance  for  the  analyst*  and  a  five  year  cost  savings  of 
over  <6*000.00  for  the  USAF.  In  addition,  the  USAFSAM 
should  purchase  a  new  chair  to  be  used  in  the  laboratory. 
Although  the  fit  testing  process  lends  itself  to  a  sit-stand 
situation,  the  analyst  does  spend  most  of  his  day  sitting  at 
the  workstation.  The  chair,  with  the  recommended  features, 
was  described  in  Chapter  6. 

Another  design  recommendation  is  to  widen  the  12  inch 
shelf  which  ran  through  the  inside  of  the  workstation. 
Roebuck  et.  al.  t 19753  and  Van  Cott  and  Kinkade  C 19723 
recommended  that  the  shelf  be  16  inches.  This  extra  four 
inches  would  be  sufficient  space  in  which  to  conveniently 
work  while  calibrating  the  instruments. 

The  methods  analysis  conducted  in  this  study  brought  to 
light  some  procedural  problems,  these  problems  were 
corrected,  and  a  new  process  was  developed.  The  analyst  was 
briefed  on  the  procedures  and  used  them  for  the  second  MT 
study.  Continued  use  of  this  new  method  is  recommended. 

Future  studies  concerning  Ihe  laboratory  design,  should 
examine  the  possibility  of  automating  the  entire  testinq 
process.  Mixing  solutions  and  making  pipe  connections  could 
probably  be  done  by  robots,  but  that  would  be  unnecessary. 
Humans  are  more  capable  of  performing  such  activities. 
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however*  instructinq  the  subject  to  perform  the  next 
exercise,  and  monitor jnq  air  -flows  could  be  accomplished 
throuqh  automation. 

Another  area  of  study  involves  the  system  plumbing. 

With  the  exception  of  the  computer  equipment,  data  loqqer. 
and  integrator  boxes,  the  entire  system  is  connected  with 
copper  pipps  or  rubber  air  hoses.  This  results  in  a  mare  of 
pipes  and  wires  which  is  unpleasant  to  the  eye,  a 
maintenance  niqhtmare,  and  results  in  the  use  of  excess 
pipe. 

Future  study  should  also  include  an  evaluation  of  the 
workstation  instruments.  Althouqh  the  fit  testinq  process 
itself  is  current,  better  wa /s  to  display  information  may  be 
possible,  particularly  for  the  manometer  hydrogen  pressure 
gauge  and  the  line  air  pressure  gauge.  Also,  diqital  air 
■'low  instruments  would  reduce  the  atuount  of  control  panel 
space  required.  Updating  equipment  doe*  not  guarantee 
greater  efficiency,  but  the  possibility  for  improved 
efficiency  should  be  examined. 

In  the  future,  more  emphasis  will  be  placed  on  cuttinq 
costs  and  increasing  productivity.  To  meet  both  of  these 
objectives,  better  human  and  machine  efficiency  will  he 
necessary.  Through  an  extensive  analyst*  of  the  current 
quantitative  fit  testinq  process  and  development  of  a 
functional  mock-up,  a  more  efficient  work  method  and 
laboratory  design  were  developed  and  tested.  The  projected 
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improvement  in  worker  output  and  cost  savings 
determined,  and  user  acceptance  was  improved. 
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Functional  Flow  Diagram  of  the 
Current  Setup  and  Testing  Process 


Feet  Traveled 


i  1 
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16 
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Activity 

Turn  on  Hydrogen 

Walk  to  mask  console 

Light  Hydrogen  and  inspect 

Walk  to  booth  console 

Light  Hydrogen  and  inspect 

Turn  on  booth  power / inspect  air  flow 

Walk  to  mask  console 

Turn  on  mask  power / i nspec t  air  flow 

Hook  up  pump 

Walk  to  computer 

Sign  on  to  computer 

Await  computer  prompt 

Walk  to  sink 

Prepare  calibration  samples 

Carry  1/3  of  calibration  samples  to 
mask  console,  return*  carry  other 
1  /? 


r>,'J 


9 


Walk  to  sink 

Prepare  aerosol  generator 


Carry  aerosol  generator  to  booth 

Hook  up  aerosol  generator t i nspec t 

Turn  on  air  flow/ inspect 
90 


Functional  Flow  Diagram  of  the 
Current  Setup  and  Testing  Process 


Feet  T r ivel ed 


31 
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39 


PI 


P  3 


Ph 


13 


1  1 


Acti vi ty 
Wall'  to  mast  console 
Zero  out  i nstruments/ l nspect 
li'.t-piirator  Doj:  delay 

Zero  out  booth  i nstruments / i nspec t 

Integrator  box  delay 

Walk  to  computer 

Call  up  computer  program 

Computer  delay 

Ceirr-/  calibration  samples  to  sink 

Pits®  calibration  samples 

Walk  to  storaqe  closet 

Pemove  mask  from  closet 

Give  mask  to  subject  L  brief 

Delay  while  subject  dons /ad  justs 
mask 

E-nter  booth  with  subiect 
Connect  air  tube  to  mask 
E  -  i t  boo  th 
Check  air  flow 
Wa Ik  to  pump 

Prep a i  e  pump  foi  open  at  ion 

Walk  to  mask  console 

I nspec t / ad  just  air  flow 

Walk  to  booth  console 

1 nspec t / ad  just  air  flow 
9  1 


Feet  Traveled 


Functional  Flow  Diagram  of  the 
Setup  and  Testing  Process 


Activity 


Flush  and  dry  pump  tuoes 

17 

O 

Carry  pump  to  mask  consol 

6 

o 

Walk  to  the  subject 

© 

Receive  mask  from  subject 

1 1 

o 

Walk  to  storage 

@ 

Exchange  masks 

4- - 

♦  Number 

of 

operat  ions . . 

36 

+  Number 

of 

De  1  ays . . 

1 1 

+  Number 

of 

:  nspec  t  ions . . 

. a.:. 

IP 

+  Number 

of 

transportations . . 

. o  ♦ 

P6  • 

+  Total  number  of  feet  traveled  ♦  486  + 

♦ - - - «- 
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APPENDIX  B 


OBSERVATION  SHEET 

Observation  Time  (minutes) 

Setup  Activities  Present  Design  Design  Three 


Turn  on  hydrogen 


Walk  to  mask  console  2>  light 
the  hydrogen 


Walk  to  booth  console  L  light 
the  hydrogen 


Turn  on  £•  check  air  flows*  turn 
on  exhaust  fan  &  system  power 


Hook  up  pump 


Sign  on  to  computer 


Prepare  calibration  samples. 


Walk  to  mask  console  &  put 
calibration  samples  in  place 


Prepare  aerosol  generator 


Hook  up  aerosol  generator 
t «  turn  on  air  flow 


Hake  up  new  saline  solution 


Zero  out  mask  instruments 

Zero  out  booth  instruments 

Call  up  computer  program  to 
setup  regression  curves  for 
concentrations  and  voltages 

Rinse  calibration  sample  flasks 

APPENDIX  C 


Notion*  Required  to  Setup  and  Test  in  Laboratory  D1 

Stop  Ieproved  Method  for  Laboratory  Design  One 

1 .  Turn  on  Hydrogen 

2.  Walk  to  workstation,  light  Hydrogen,  turn  on  DC  power, 
check  air  flows  2.  hook  up  pump  (mask) 


3.  Walk  to  workstation,  light  Hydrogen,  turn  on  DC  power, 
check  air  flows  L  hook  up  pump  (booth) 


4 .  Walk  to  L  sign  on  the  computer 


5.  Walk,  turn  on  exhaust  fan  !»  system  power,  check  air 
f  1  ows 


6.  Walk  to  sink  2.  prepare  calibration  samples,  load  samples 
into  carrier  2.  prepare  aerosol  generator 


7.  Walk  to  booth,  hook  up  aerosol  generator  l  check  air 
flow 


8.  Walk  to  sink  L  make  new  saline  solution 


9.  Walk  to  chair,  turn  to  atomizer  holder,  unhook  pump,  zero 
out  instruments  2  load  samples  into  carrier 


10.  Carrying  the  calibration  samples,  slide  to  booth  panel, 
unhook  pump  2.  zero  out  instruments 


11.  Slide  to  tne  computer  2.  call  up  regression  program 


12.  Walk  to  sink  2.  rinse  calibration  sample  flask* 


13.  Brief  subject  on  test  procedures,  walk  to  storage, 
remove  mask  2  give  mask  to  subject 


14.  Subject  adjusts  &  dons  mask 

15.  Enter  booth  &  connect  sample  drying  air  tube  to  mask 


16.  Exit  booth  2  adjust  sample  air  flow  behind  booth 
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Motions  Rsquirsd  to  Sstup  and  Tost  in  Laboratory  Di 


Stop 

Improved  Method  for  Laboratory  Design  One 

17. 

Walk 

to  workstation,  sit  2*  prepare  pump  for  operation 

is. 

Turn 

to  adjust  sample  air  flows  for  the  mask 

19. 

Turn 

to  booth  panel  L  adjust  sample  air  flow 

20. 

Turn 

L  instruct  subject  to  breath  normally 

21. 

Input 

subject  S.  mask  data  L  instructions  to  data 

logger 

22.  Await 
breath i ng 

computer  prompt/ instruct  subject  to  begin 

heavy 

23. 

Turn 

L  check  air  flows  to  mask 

24.  Turn  S.  check  air  flows  to  booth  L  turn  back  to  the 
computer 


25. 

from 

Await  computer 
side-to-side 

prompt/ instruct 

subject 

to 

move 

head 

P6 • 
and 

Await  computer 
down 

prompt/ instruct 

subject 

to 

move 

head  up 

. _  j 

27.  Await  computer 
paragraph 

prompt/ instruct 

sub  ject 

to 

read 

• 

CD 

CU 

Await  computer 

prompt/ instruct 

subject 

to 

make 

faces 

29.  Await  computer  prompt/instruct 
sample  air  line  &  exit,  log-off  the 

sub  ject 
computer 

to 

unhook  the 

30. 

Stand,  unhook  mask  pump,  and  carry  pump 

to 

the 

sink 

31 . 

Flush  L  dry  air 

tubes  for  pump 

32. 

Ret, urn  pump  to 

workstat ion 

33. 

Walk  to  storage 

>  &  exchange  masks  with  subj 

act 
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APPENDIX  D 


Notions  Required  to  Setup  and  Test  in  Laboratory  D2 
Step  Ieproved  Method  for  Laboratory  Design  Tmo 


1 . 

Turn  on  Hydrogen 

2. 

Walk  to  workstation. 

light 

Hydrogen , 

turn 

on  DC 

power , 

ch 

ack.  air  flows  &  hook  up 

pump 

<  mask ) 

3. 

Walk  to  workstation. 

light 

Hydrogen , 

turn 

on  DC 

power , 

check  air  flows  &  hook  up 

pump 

( booth ) 

4,  Walk  to  !«  sign  on  the  computer 


5.  Walk,  turn  on  exhaust  fan.  system  power  t>  check  air 
f  lows 


6.  Walk  to  sink  L  prepare  calibration  samples,  load  samples 
into  carrier  t  prepare  aerosol  generator 


7.  Walk  to  booth,  hook  up  aerosol  generator  S<  check  air 
f  1  cw 


8.  Walk  to  sink  t  make  new  saline  solution 


9.  Walk  to  chair,  slide  to  atomizer  holder,  unhook  pump  S< 
zero  out  mask  instruments 


10.  IJnhook  pump  &  zero  out  booth  instruments 


11.  Slide  to  the  computer  !.  call  up  regression  program 


12.  Walk  to  sink  &  rinse  calibration  sample  flasks 


13.  Brief  subject  on  test  procedures,  wa  1  k  to  storage, 
remove  mask  \  give  mask  to  subject 


14.  Subject  adjusts  &  dons  mask 


IN.  Enter  booth  &  connect  sample  drying  air  tube  to  mask 


1&.  Exit  booth  &  adjust  sample  air  behind  booth 


17.  Walk  to  workstation,  sit  1  prepare  pump  for  operation 
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Motions  Rtquirad  to  Setup  and  Tnt  in  Laboratory  OS 


Stap 


Improved  Method  for  Laboratory  Design  Tmo 


IB.  In  chair,  slide  to  adjust  sample  air  flow  for  the  booth 

19.  Slide  to  the  mask  instruments  and  adjust  sample  air 
f  1  ow 

SO.  Slide  to  computer  &  instruct  subject  to  breath  normally 

21 .  Input  subject  S>  mask  data  2.  instructions  to  data  logger 

22.  Await  computer  prompt/instruct  subject  to  begin  heavy 
breathing 

23.  Slide  in  the  chair  to  check  the  air  flows  to  the  mask 

24.  Slide  in  the  chair  to  check  air  flows  to  the  booth  S. 
slide  back  to  the  computer 

25.  Await  computer  prompt/ instruct  subject  to  move  head 
from  side-to-side 

26.  Await  computer  prompt/ i nstruct  subject  to  move  head  up 
and  down 

27.  Await  computer  prompt/instruct  subject  to  read 
paragraph 

2B.  Await  computer  prompt/instruct  subject  to  make  faces 


29.  Await  computer  prompt/instruct  subject  to  unhook  the 
sample  air  line  &  exit  the  booth,  loq-off  the  computer 

3<">.  Stand,  unhook  mask  pump  &  carry  pump  to  the  sink 


31.  Flush  L  dry  air  tubes  for  the  pump 

32.  Return  pump  to  the  workstation 

33.  Walk  to  storage  t  exchange  masks  with  subject 
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APPENDIX  E 


Motion*  Required  to  Setup  and  Test  in  Laboratory  D3 

Step  Improved  Method  for  Laboratory  Design  Three 

1.  Turn  on  Hydrogen 

2.  Walk  to  workstation,  light  Hydrogen,  turn  on  DC  power, 
check  air  flows  &  hook  up  pump  (mask) 


3.  Walk  to  workstation,  light  Hydrogen,  turn  on  DC  power, 
check  air  flows  i,  hook  up  pump  (booth) 


4.  Walk  to  i,  sign  on  computer 


5-  Walk  to  S>  turn  on  exhaust  fan  L  system  power  i.  check  air 
f  1  ows 


6.  Walk  to  sink,  prepare  calibration  samples,  load  samples 
into  earner  L  prepare  aerosol  generator 


7.  Walk  to  booth,  hook  up  aerosol  generator  L  check  air 
flow 


8.  Walk  to  sink  J,  make  new  saline  solution 


9.  Walk  to  chair,  turn  to  atomizer  holder,  unhook  pump, 
zero  out  mask  instruments  and  load  samples  into  carrier 


10.  Turn  chair  to  booth  panel  &  zero  out  booth  instruments 


11.  T{irn  to  the  computer  L  call  up  regression  program 


18.  Walk  to  sink  t  rinse  calibration  sample  flasks 


13.  Brief  subiert  on  test  procedures,  walk  to  storage, 
remove  mask  ?,  give  mask  to  *ut  j?C  t 


14.  Subject  adjusts  i.  dons  mask 


15.  Enter  booth  L  connect  sample  drying  air  tube  to  mask 


16.  Exit  booth  t,  adj  u*t  sample  air  behind  booth 

17.  Walk  to  workstation,  s ) t  &  prepare  pump  for  operation 
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Motions  Required  to  Setup  end  Test  in  Laboratory  03 


Step  Improved  Method  for  Laboratory  Design  Three 


13. 

Adjust  sample  air  flow  for  the  booth 

19. 

Adjust  sample  air  flow  for  mask 

30. 

Instruct  the  subject  to  breath  normally 

£1 . 

Input  subject  L  mask  data  L  instructions 

to  data  logger 

££.  Await  computer  prompt/ i nstruc t  subject 
breathing 

to 

begin  heavy 

33. 

Check  the  air  flows  to  the  mask 

£4. 

Check  air  flows  to  the  booth 

£5. 

from 

Await  computer  prompt/instruct  subject 
side-to-side 

to 

move  head 

36. 

head 

Await  computer  prompt/ ms  true t  subject 
up  L  down 

to 

move 

37.  Await  computer  prompt/ i nstruct  subject 
paragraph 

to 

read 

38. 

Await  computer  prompt/instruct  subject 

to 

make  faces 

£9.  Await  computer  pr ompt / l nstruc t  subject  to 
sample  air  tube  &  exit  the  booth*  log-off  the  i 

unhook  the 
computer 

30. 

Turn  to  unhook  mask  pump  &  carry  pump 

to 

the  sink 

31  . 

Flush  &  dry  air  tubes  for  the  pump 

33. 

Return  pump  to  workstation 

33. 

Wali  to  storage  t  exchange  masks  with 

sub 

ject 
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APPENDIX  F 


OBSERVATION  SHEET 


Observation 

Tiee  (ainutci) 

Setup  Activities  Current  Design  Design  Three 

Turn  on  Hydrogen 

.06 

.06 

Walk  to  mask  console  &  light 
the  Hydrogen 

.46 

.48 

Walk  to  booth  console  t,  light 
the  Hydrogen 

.  18 

.24 

Turn  on  £•  check  air  flows*  turn 
on  exhaust  fan  and  system  power 

.83 

.50 

Hook  up  pump 

1  .00 

» 

Walk  to  and  sign  on  to  computer 

.33 

.  19 

Walk  to  sink  and  prepare 
calibration  samples 

5.04 

6.22 

Walk  to  mask  console  and  put 
calibration  samples  in  place 

.48 

* 

Walk  to  sink  and  prepare  aerosol 
generator 

1 .67 

Walk  to  booth*  hook  up  aerosol 
generator  and  turn  on  air  flow 

.37 

.  63 

Walk  to  sink  and  make  up  new 
saline  solution 

20.11 

19.39 

Wa 1 k  to  mask  console  and  zero 
oi  it  i  instruments 

13.19 

1 0 . 60 

Walk  t.o  computer  t,  rail  up  program 
to  setup  regression  curves  for 
concentr at  ions  and  voltages 

1  .  IS 

l  .55 

Walk  to  sink  and  r i nse  calibration 

sample  flasks 

3.58 

3.44 

OBSERVATION  SHEET 


Observation 


Testing  Activities  Current 

Tiss  (minutes) 

Design  Design  Three 

Brief  subject  on  test  procedures) 
walk  to  storage  closet,  remove 
mask  and  give  mask  to  subject 

.21 

.20 

Subject  adjusts  and  dons  mask 

.92 

.92 

Enter  booth  and  connect  sample 
drawing  air  tube  to  mask 

.33 

.33 

Exit  booth  ard  check  air  flow 

.52 

.52 

Walk  to  sample  line,  plug  line 
into  pump  and  plug  in  pump 

.39 

.36 

Walk  to  mask  console  and  adjust 
sample  air  flow 

.  17 

.07. 

Walk  to  booth  console  and  adjust 
sample  air  flow 

.07 

.06 

Walk  to  chair,  plug  in  and  test 
intercom  by  instructing  subject 
to  breath  normally 

.20 

.001 

Place  keyboard  on  lap,  input 
subject  and  mask  data,  as  well 
as  instructions  to  data  logger 

.43 

.36 

Await  computer  prompt  and  instruct 
subject,  to  begin  heavy  breathing 

CD 

P- 

a 

.78 

Carry  intercom,  walk  to  booth 
console  and  check  air  flow 

.13 

.07 

Return  intercom,  walk  to  mask 
console,  check  air  flow,  return 
to  computer 

.15 

.09 

Await  computer  prompt  !■  instruct 
subject  to  move  head  from 
side  to  side 

.7? 

.77 

Await  computer  prompt  L  Instruct 
subject  to  move  head  up  and  down 

.77 

.77 

10  a 


» 


OBSERVATION  SHEET 


Observation 
T i mm  <ainutec> 

Tasting  Activities  Currant  Design  Design  Three 


Await  computer  prompt  t  instruct 
subject  to  read  the  paraqraoh 

•  GO 

.S'i 

Await  computer  pi  nmpt  „  instruct 
subject  to  male  faces 

.81 

.81 

Await  computer  prompt  i.  instruct 
subject  to  unhook  the  tube  ! 
exiti  loq-off  computer  L  place 
keyboard  atcp  the  computer 

.74 

.67 

Ua Ik  to  pump,  remove  tube,  unpluq 
pump  i.  carry  tn  sink 

•  52 

.  17 

Flush  and  dry  air  tube 

.46 

.46 

Return  pump  to  mask  console 

.28 

*  .  r>8 

Receive  mask  from  suhjert.  wall 
s^oraqe  S.  retrieve  ne>  t.  mast 
to  he  tested 

.  T> 

.88 

Total  setup  time 

48.97 

44  .  20 

Total  testinq  time 

9.74 

8.57 

T  o  t  a  1  1. 1  me 

58.71 

52 . 77 

U8TE  :  The  proredures  used  in  dnsion  three  wer  e  developed  i  n 

this  nrfi  jprt  t  therpfnrp,  what  appear*  to  hr  an  unr»inuni»blp 
difference  b»fw»^n  the  current  design  and  D  )  tim*>«  may 
r  t.ualJy  he  the  result  of  a  procedural  chanqe. 

*  these  steps  were  combine.!  with  other  step*  in  desiqn  thi  on 
a*  per  t,  r.  f  the  recommended  improvement*  in  this  proiect 


t  >1 


"*7 
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APPENDIX  8 


QUESTIONNAIRE 

1.  In  wbicn  design  is  system  maintenance  easier  to  perform? 

A.  CURRENT  DESIGN  B.  MOCK-UP  DESIGN  C.  SANE 

What  characteristics  of  this  system  make  maintenance  easier 
to  perform? 

Response*  System  maintenance  Mill  not  be  easier  to  perform 
in  either  design*  but  with  the  new  design*  the  need  for 
maintenance  will  probably  be  lower  for  a  couple  reasons. 
First,  in  the  old  design,  the  keyboard  was  accidentally 
dropped  while  I  was  putting  it  on  my  lapt  now  there  is  a 
permanent  place  for  the  keyboard.  Second*  with  the  old 
design*  tne  intercom  fell  several  times  because  it  was 
hanging  off  the  edge  of  the  laboratory  cart.  Wires  have 
been  removed  from  tha  walkways  so  trip  hazards  are  gone*  and 
accidentally  pulling  equipment  onto  the  floor  (by  tripping 
on  the  cord)  is  no  io «q^r  a  problem. 

2.  Which  desiqn  provides  a  safer  work  environment? 

A.  CURRENT  DESIGN  B.  NOCK-UP  DESIGN  C.  SAME 

What  characteristics  of  this  design  make  it  safer? 

Response!  The  new  desiqn  provider  a  safer  work  environment 
because  trio  hazards  were  eliminated. 

T.  In  which  desiqn  are  f<  *r  errors  made  during  setup  and 
test i nq  ? 

A.  CURRENT  DESIGN  B.  ISOCKHJP  DESIQN  Co  SAME 

To  what  do  you  attribute  th is  reduction  in  errors? 

Response!  Because  the  air  lines  are  shorter,  less  aerosol 
in  trapped  (lost)  in  the  lines.  Trapped  aerosol  throes  off 
the  sample  calibration. 


lO<* 
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QUESTIONNAIRE 

A.  In  which  design  are  the  instrument  labels  easier  to 
read  7 

A.  CURRENT  DESIGN  B.  HOCK -UP  DESIGN  C.  SAME 

Do  fhese  labels  more  effectively  discriminate  among 
equipment  pieces  than  the  labeis  uced  in  the  other 
design7  VES  NO 

Response:  This  is  primarily  true  for  the  lnteqrator  bores. 

In  the  present  design,  the  integrator  bore*  were 
occasionally  confused.  With  the  new  design,  this  confusion 
was  eliminated.  Also,  with  the  new  desiqn,  the  instruments 
themselves  are  easier  to  read. 

3.  Which  desiqn  provides  unhindered  access  to  and  from  the 
wert  area  and  between  equipment^ 

A.  CURRENT  DESIGN  B .  HOCK -UP  DESIGN  C.  SAME 

What  charac ter  i st  ics  of  the  desiqn  make  tms  possible7 

Response:  Having  the  equipment  closer  to  the  computer  and 

having  the  laboratory  less  cluttered  are  two  char ac ter l s t i c s 
that  make  it  easier  to  travel  in  the  1  abor  at.ory .  Also,  the 
trip  hazards  were  eliminated. 

d.  Which  desiqn  provides  shorter  and  clearer  visual  links 
between  equipment7 

A.  CURRENT  DESIGN  B.  HOCK-UP  DESIGN  C.  SAME 

COMMENTS:  None 

7.  Which  desiqn  provides  greater  ease  of  use  of 
i  nstr  umerits  7 

A.  CURRENT  DESIGN  B.  HOCK -UP  DESIGN  C.  SAME 

Unat  char ac ter i s t i c *  of  this  design  make  the  instruments 
easier  to  use7 

&»»«  pi .  use  i  The  equipment  u  rinser  together  and  must  of  the 
work  ran  he  accomplished  wh l 1 e  sitting.  Also,  the  equipment 
it  easier  to  see  because  the  viewing  distances  were 
•shortened.  The  carry  box  made  tr*raporting  the  calibration 
samples  very  simple. 


QUESTIONNAIRE 


8.  Which  design  allows  for  greater  speed  of  movements 
between  equipment? 

A.  CURRENT  DESIGN  B.  NOCK-UP  DESIGN  C.  SAME 

What  design  characteristics  make  speedier  movements 
possib le? 

Response:  Because  the  instruments  are  easier  to  see*  it 

takes  less  time  to  identify  the  information  which  is 
displayed.  Speedier  movements  were  possible  because  the 
equipment  was  closer  together. 

9.  Which  design  do  you  teel  reduces  psychological  and 
physiological  stresses  the  most? 

A.  CURRENT  DESIGN  B.  NOCK-UP  DESIGN  C.  SAME 

To  what  do  you  attribute  the  reduction  of  stress? 

Response:  Psychological  stress  was  reduced  because  I  did 

not  have  to  worry  about  whether  I  had  read  the  instrument 
display  correctly  or  not,  or  whether  I  had  even  checked  the 
instrument  at  all.  With  everything  so  spread  out.  in  the 
present  laboratory,  it  is  difficult  to  keep  track  of  which 
instruments  have  been  checked.  The  potential  for 
claustrophobia  exists  because  the  console  has  a  wrap-around 
shape,  but  so  far,  claustrophobia  is  not  a  problem. 

Physiological  stress  was  reduced  because  movement  is 
reduced.  Less  standing  up  and  sitting  down  is  required  and 
walking  is  reduced. 

10.  Which  design  do  you  feel  reduces  physical  fatigue  the 
most? 

A.  CURRENT  DESIGN  B.  NOCK-UP  DESIGN  C.  SAME 

To  what  do  you  attribute  the  reduc. tion  of  fatigue? 

Response:  Less  movement  was  required,  more  sitting  was 
possible,  there  was  a  shelf  to  rest  my  arms  on,  and  I  did 
not  have  to  move  the  keyboard  and  intercom  every  time  I 
stood  up. 


106 


